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ABSTRACT 



A "world model" is constructed where precedent-searching is? one of the primary 
dx'iving mechanisms. The simulation assumes that nations in the system are utility 
maximizers but that they have relatively primitive decision mechanisms and that 
they are strongly influenced by their previous short-term successful behavior ah^! 
the short-ierm success of other states in the system. This model of foreign policy 
decision-making has been heavily influenced by recent artificial intelligence studies 
and simulations. 

States in the simulation are assumed to be able to follow one of three distinct 
strategies to maximize growth: imperialism, militarism or trade. In each of fJiese 
modes, a state can either increase or decrease its level of behavior, or it can switch 
modes. Decisions to switch are based on evaluating the success of the polic y in 
incre^asing simulated GNP in comparison to earlier projections of how much GNP 
would increase. If a policy is clearly not working, a nation implements the reverse of 
that policy; if the policy is not producing major improvements, it randomly 
experiments or looks at the success of other nations in the system and follows 
whatever has worked for them; if a policy is clearly successful it is continued. 

The objective of the simulation is to get away from the purely mechanistic 
difference equation formulations of world models which have characterized most of 
the work in this field, while avoiding overly rational and optimizing models which 
have been characteristic of some other work. Precedent-based decision-making is 
plausible for a system was is goal-seeking, sentient with respect to its environment 
but still, due to bureaucratic constraints, capable of only fairly simple behaviors. It 
was incorporates the fact that the international system goes through various regimes 
which dominate the lype of behavior used by the major states in the system. 

The simulation is run using a system vaguely characteristic of the 19th century 
world system, with five large, five medium and ten small nations. The resulting 
behavior is generally plausible, with bounded and fairly diverse activity depending 
on the random experimentation involved. Because of the weak bounded rationality, 
the system does not lock on to a single pattern of behavior based on initial conditions 
and so, for example, situations exist where medium powers eventually become 
stronger than the initial major powers. The most common pattern is one of a 
combination of trade links and imperialism, with about half the minor power being 
colonized and some exchange of colonies occurring through conflict. 
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1. IjQtroduclioQ 

World models have proliferated since their inlti?^! dev^lnpm^iit i^? human-mftelliQ^ 
models in the 1950 s by Harold Guetzkow (see. e.g. Guet2kow and Vaiadez.lOSl ) and their 
papularizatiou in the 1970's as all-machine models through the efforts of the Club of Rome 
(see, e.g. Meadows. Richardson andBruclcmannJ9S2; DeuLsch era/ 1977), the International 
Institute for Applied Systems Analysis (see Hickman. 19S3) and others. A recent survey 
(Siegmann. 19^85) lists 27 different major modeling efforts vorldvide. For a survey of the 
current "state of the art" in global modeling, see Ward (19S5 ) and Hughes ( 19S5 ). 

The dominant tendency in all-machine models has been to focus on systems of 
difference equations. This is convenieni since these equations are easily simulated with a 
digital computer; it is consistent with the engineering ancestry of most of the all-machine 
simulations (as well as vith the related Richardson modeling tradition in international 
relations); and it allows the systems to be fairly easily estimated using conventional 
statistical techniques. The difference equation approach to global modelirig is certainly a 
good first approximation, and judging from the proliferation of such models, it has a fair 
amount of heuristic utility as veil. 

The disadvantage of the difference eqiaaiion approach, however, is that It ignores most 
of the cognitive characteristics of human foreign policy decision making. Ipso facta it 
would appear that human beings are to some extent goal seeking, that they respond to 
observed activities in their environment in qualitative as well as quantitative ways, and 
that they have memory which can be utilized for learning- The difference equation 
approach is also somewhat unsatisfactory because the resulting models tend to exhibit 
either too much regularity — producing a world which is im realistically consistent and 
reflects only the extrapolation of existing trends — or alternatively the models yield 
catastrophic behavior where the model blithely sidles up to the edge of an abyss without 
taking ameliorative action, and then just as blithely hops into the abyss. 

The most common solution to the lack of cognition in these models is to use the 
so-called ' rational choice " approach, which substitutes for deterministic mechanisms of 
the difference equation an expected utility optimizing mechanism borrowed from 
economics Rational choice models in international relations have been popularized hy 
Brito and Intriligaior (197? 1974.19S2; Intriligator and Brito. 19S4J. Bueno de Mesquiui 
( 19&i > and the dynamic opiimizaiion work of Gillespie and Zinnes ( 19'^5 ':'.1Q7$ \ 
Unfortunately, these models have usually been applied only in the two-nation case - in 
large part because of the complex specifications and mathematical manipulations required 
to use the models — and as a consequence they have had little direct applicauon m the 
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global modeling literature. An additional problem with the vork - particularly in the 
dynamic optimization models of Gillespie el^-^- is that an excessive degree of rationality is 
called for. particularly -vhen one considers that decisions being modeled are in the real 
vorld implemented by complex bureaucracies which tend to favor simple soluraons tc 
problems and do not appear to use a great deal of foresight. 

I.l. Paltera Matciiing and Learniog 

As I have argued extensively elsewhere (Schrodi. l%4a.b; Schrodu l%5a), an 
alternative to difference equation and rational optimization in modeling, international 
systems is to emphasize the key role of precedent-seeking in organizational decision- 
making. When precedent-seeking iis combined with some simple performance criteria, it 
can also provide for simple learning-by-example by the system. With modern computer 
programming techniques, these characteristics of cognitive behavior can easily be 
incorporated into a global simulation. 

A precedent-based approach starts from the obvious fact that decision-making 
individuals and organizations have an base of past experiences. When trying to predict the 
consequences of a particular option, that data base is searched for past experiences which 
match the existing situation as closely as possible according to some pattern-matching 
critc :ion. Those past experiences are then used to determine the current acUon: one looks 
at the previous cases lo predict in a heuristic fashion what the likely consequences of 
various possible responses to an event will be. The response which produces the best 
predicted outcome is the one implemented. 

In general, the pattern matching approach seeks to match events with past events 
which are in some sense similar. This approach as been variously termed "analogy" or 
"precedent". The use of analogy with historical sequences in the context of foreign policy 
analysis is discussed by Mefford ( 1984). formalizing the .notions of "focused comparison" 
developed by George {1979). Precedent-based approaches are used in Mefford ( 19S4). 
Anderson (19S1 ). Bonham and Shapirot 1976).Tanaka (19^i4). Alker and Chrislensen.(1972^ 
and Alker and Greenberg(1976). Other in formation -in tensive approaches which utxlizt 
heuristics in addition to precedent are found in Bennett ( 19S4 ), Isard and Lewis ( 19S4 i 
Majeski ( 1985 ) and Sylvan and Majeski ( 19S3). and more generally the ' computational 
modeling' or artificial intelligence" approach to modeling ijaternational events. The 
potential importance of this in political reasoning is ilso discussed in Simon ( 19S5) 

The argument for the analogical approach can be made from several standpoints. As 
Mefford ( 19S4) illustrates with respect to the Soviet invasion of Czechoslovakia and oth^j r 
examples, the incidence of analogy is very high in published justifications for policy 
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actions, and in reported policy discussions. While analogy is rarely used as an empirical 
technique, it clearly is a common mode of reasoning in policy formulation — for example, 
the analogical terms "Munich", "Vietnam'\ "Pearl Harbor and so fcrlh are some of the most 
powerful constructs in the foreign policy lesicon of the United States. The use of these 
analogies may appear in hindsight to be inappropriate or inconsistent but they are used . 

Studies of individual decision-mr^king and artificial intelligence research have also 
emphasized the role of analogy Her bert Simon (1979; Newell and Simon. 1972) is one of the 
most visible proponents of this viev; Carbonell {19S3) and Winston (1979) also discuss the 
approach in detail. One also observes that in the teaching of international relations and 
foreign policy, virtually all instructors spend a large amount of time building an historical 
background upon which to analyze events by use of precedent. Even a behavioralist IR 
test such asRussett and Siarr (1984) contains far more history than, for example, 
Samuelsons Economics . The introductory chapters of Morgenthau's Po litics Among 
Nations contain on average four historical examples per page. 

The use of pattern-matching in the policy model is consistent with the fact that the 
human brain is considerably more efficient at the storage and recall of information than 
at the logical manipulation of information. As Simon (1985) has pointed out, extensive 
experimentation in the cognitive sciences has shown that the human brain is extraordi- 
narily good at recall — a process which seems to operate in parallel on billions of items of 
information — but is constrained in logical processing to a slow, serial process operating 
on a limited (around six items) short-term memory cache, for example most evidence 
indicates that chess experts use large amounts of pattern recognition as shortcuts to 
problem solving, and their performance slows considerably when they actually have to 
problem-solve. Mathematicians work the same way, an d most research in expert systems 
confirms the requirement for ii large base of 'experience' through which the system can 
find a solution. 

In other words, thinking is often recall masquerading as reasoning . This emphasis 
on the empirically demonstrated limitation of ihe logical reasoning capabilities of the 
brain leads to the general approach of "bounded rationality" as a modeling technique, 
which is more cognitively complex than differr-nce equations, makes fewer demands on 
assumptions about human reasoning than rational choice, and is mathematically and 
conceptually more complex than either 

Just as humans tend to employ recell as a technique, an organization may depend 
largely on precedent and standard operating procedure when deaiing with day-to-day 
problems, and a mature organization may develop sufficient experience that analytical 
problem solving is virtually eliminated until such time as an unprecedented crisis occurs 
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If this is in fact the typical pattern of organizational behavior, then any attempt at the 
construction of a political reasoning model solely out of logical principles will at best only 
partially approximate actual behavior. The question for homo poJiUcus is not only 'Vhal 
do I want?" but also "what is attainable and how?" — politics as the ari of the possible The 
single strongest argument for showing that something is attainable is to show that it is has 
been attained in the past, and to use the method by which it was attained by as a guide. 
That in turn means that behavior will be driven by historical information at iea<;t as much 
as by logic or rules. 

As an organization gains experience — that is. accumulates historical information — 
its behavior might be expected to change without any change in the policy, theory or 
preferences. In a word, organizations can learn. For example, tht? USA committed large 
numbers of Marines to Leir.anon in 1957 and 19S2 with the objective of stabilizing the 
country, but the unpleasant experiences suffered by the Marines in 1983 makes future 
deployments less likely. This change is due to a modification of the experience of the 
organization rather than a modification of objective. In this fashion the model provides a 
mechanism whereby changing the information Aase or Aisiory of the 
decision-maker rather than changing the rules of decision-making could alter behavior. 
This is in line with Simon's (1982:63) approach of modeling cognitive behavior as a set of 
simple rules operating in a complex environment, rather than complex rules operating in 
a simple environment. 

Ironically, as Simon (1985) cogently pointed out to the political science discipline, the 
research in the cognitive sciences has been largely ignored by the decision-oriented 
social sciences, despite what would seem to be rather obvious connections between the two, 
Milton Friedman's infamous (1953) argument notwithstanding, it takes an extraordinary 
leap of blind faith - yea. a demonstration of willful ignorance in the face of falsifying 
evidence usually confined to the study of economics — to base dynamic models on 
mechanisms vhich virtually all of our empirical evidence indicates could not possibly be 
occurring Yet the dominant mechanisms in most dynamic work are either blind, 
memory-free difference equations or analytically complex dynamic oplimization routines. 
Much simpler approaches which utilize characteristics such as lagged feedback, learnin^^ 
pattern recognition >vhich are clearly part of the cognitive rt:pert(!ire of every normal 
member of the human species have not had a major impact The model proposed in this 
paper will demonstrate in a simple fashion how some of these things might be dont*. 
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2. The Model 

The model discussed in this paper is a simple implemeniatioQ - a test-bed ih a sense - 
of a world model which would incorporate some simple cognitive components. The model 
itself is relatively small - about 800 lines of Pascal code - and does not have the sectoral or 
actor complexity of a SARUM or GLOBUS. However, the actors in the model are more 
cognilively complex than those in many existing models. In particular, the actors- 

«o Choose among a discrete set of behaviors (policiesJ which differ qualitatively and 
focus only a single mode of behavior at a time 

»• Compare their current performance with earlier expectations about that 
performance, and if the policy is causing a deterioration in performance, it is 
changed. 

"Observe" the success and failure of policies pursuea by other actors in the system 
and use successful policies as a model for their own behavior. 

As such, the model incorporates in at least a primitive fashion the notions of bounded 
optimi2ation and feedback, precedent-seeking and learning discussed above In a very 
distant way, the model is related to the model of Zinnes, Van Houwelling and Van Atta 
(1959), which incorporated qualitative behavior shifts in a balance of power framework 
and used a complex recursive forecasting capability to decide optimal policies. The Zinnes. 
Van Houwelling and Van Atta model did not use precedent-seeking, was in a strictly 
balance of power framework without an economic or imperialist component and also — to 
my knowledge — was never successfully implemented. The use of comparison with o^:her 
nations is also found in Bremer's (1977) SIPER model, itself based on Guetzkow's earlier INS 
work; SIPER is also interesting in that the decision component makes heavy use of a rule 
base. SIPER appears to be more heavily driven by its difference equations that this model, 
however, and employs 'smarter" and faster decision-making algorithms. 

The underlying assumption in this model is that of bounded rationality: a world which 
is "muddied through" by organizations which try various discrete policies and change 
those policies very slowly. As noted earlier, this is quite consistent with most studies of 
bureaucratic decision-making and is. in a highly simplified fashion, m the organizational 
behavior tra'^ition of Simon. The ' learning" involved in this model is doubtlessly too 
simple, as it does not use more advanced machine learning techniques Isee e.g. Schrod: 
19S6a.l%6b) and docs not incorporate a history beyond the start of the simulation, so ma: 
information about the utility of various policies is learned only slowly and ihrougn 
empirical experimentation . Precedent searching is done only over the immediate pasi 
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rather than the distant past. Nonetheless, this is not totally unlike the real world, 
particularly in a situation v^here the structure of the system has undergone major change 
and the actors are not fully familiar with how the new sysiem will operate. 

The model proposed here seeks to model the development of the world system in the 
pre-nuclear age. Vaguely, the period under consideration would be about 1700-1900. 
though since this work is purely exploratory no attempt has been made to empirically 
estimate the key characteristics of the s\'siem 

2.1. National Characteristics 

The model uses a simple three-sector model of the economy: 
Milex: Military expenditures 

Trade: Foreign trade and profits from colonies 

GDP: everything other than the above 

The national performance is measured by a single variable called GNP which is defined as: 

GNP = GDP -Milex- Trade 
GDP is assumed to have linear growth (i.e. ceteris panJbus is exponential) and provides the 
primary mechanism for growth which funds other activities. 

GDP(t*i)-a*GDP(t) 
Trade can also contribute to the growth in GNP; militar)^ adventures subtract from it. 

In the model, Milex is always adjusted as a percentage of GNP, rather than in fixed 
amounts. Thus growth in either GDP or trade can increase the amount of military power 
available. When comparisons of military power are made, they are done in terms of 
absolutes. 

2.2. Modes of Behavior 

The model postulates seven different modes of behavior, which roughly correspond lo 
the types of policies which a nation could undertake. The policies and their abbreviations 
are: 

Neutral Stav the course: make no NEU 

change in existing policy 

Ec onomic 

Liberal Increase amount of trade LIB 

Autarkic Decrease amount of trade AUT 
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Mililan^ 



Bellicist 



Start a war or increase military 
expenditures 



BEL 



Pacifist 



Reduce military expenditures 



PAC 



imperialist 
Imperialisi 



Acquire a colony if possible 



IMP 



Decolonize 



Gel rid of a colony 



DEC 



The details of the effects of these policies are given beiov 
Neutral 

This has nu effect, all parameters (e.g. colonies. Milex. trading partners) remain fixed. 
This is the most common policy and nations revert to it Nvhen policies fail to he successful. 



In the Liberal mode, the nation seeks to find another trading partner. In the model 
"trade" involves a fairly major benefit, and in a sense is taken to be a serious commiitmeni 
to trade (e.g. along the lines of policies undertaken by nations such as S^vMizerland and 
Japan). Trade is made with another nation in the liberal or neutral mode and is done in 
fixed "chunks* (e.g. 2% ). Trade is established with the nation closest in GNP. and it is 
possible to have more than one "chunk" of trade with a given nation . A nation may trade 
to a maximum of Max-Trade chunks of GNP. 

The actual amount of trade between two nations in a given year is equal to the small of 
the chunks - in other words, there are no trade imbalances (unlike the real world...). 
The model assumes a comparative advantage to trade., so the effect of trade on change GNP 
is some multiple Trade-Jflult (e.g. 1.02) of the amount of trade 



The autarkic model breaks off trading relations. Trade with the poorest nation on tht^ 
current trading list is dropped. 

Because of the no-risk benefit of trade, this may appear to be a strategy which i.^ 
always disadvantageous. This is not the case since a rapidly growing nation may havt- 
reached the maximum level of trade and still have links with poor nations which were 
established earlier These are advantageous to break off. then new links can be establishe;! 
with wealthier nations. 



Liberal 



Autarkic 
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Beliicist 

Bellicist nations do two things. First, they look for a nation to attack. The criterion is 
to choose the nation vhich has the largest number of colonies and vhich is smaller than 
oneself. As a simplification, wars last only a single year, though one can engage in the 
same war in multiple years. Consistent with observed human behavior in the absence of 
alliances, once a nation is engaged in a war it does not become involved in another in that 
year. This absence of alliance activity is, of course, a major simplification of the model and 
strongly differentiates ii from realist- ba^ed models such as Leaviit { 1971 ) and Zinnes, Van 
Attaand Van Houwelling (1969). 

Wars can end either as draws or as victories. The outcome is based on a probability 

(MaxJSil - Min^il) 

Prob(Victory) 

(Mas-Jlil * Min^Mil) 

where MaJL-Mil is the military expenditures (i.e. GNP*Milei) of the more powerful 
nation and Min Jflil is the military expenditures of the weaker nation. This probability is 
zero when the two nations are equal iind goes to one when MaxJiSil » Min-Mil. If there 
is a victory, the stronger nation always wins, another a simplification. 

Whether a war ends in a victory or a draw, it costs (i.e. decreases GNP) both nations 
involved as a proportion of their military expenditures. This proportion is 

War^Cost (Min-lSil / Maz-Mil) 
which is maximized when Max-Mil - Min^il. War^Cost is a proportionality constant 
which is set to 1.0 in the initial experiments. 

A DtBW results only in the decrease of GNP and the Mode of both nation is set to 
Neutral.on the logic that after a war both nati.ons will be engaged in rebuilding for a time. 

A Victory by the stronger nation involves a transfer of all of the colonies from the 
defeated nation to the victor, a decrease in the Milex of the defeated nation, and a transfer 
of ¥ar-3poils percent of the defeated nations GNP to the victor. The mode of th;^ defeated 
nation is changed to Neutral; the mode of the victor does not change < 

If a bellicist nation cannot start a war, it increases the amount of GNP devoted to 
military expenditures by a fixed amount in order to raise the military expenditures to a 
point where an attack is possible. Obviously only a single nation (the weakest) will not be 
able to attack anyone, so this feature is unlikely to have much effect on the simulation. 

If a bellicist nation is a colony , it revolts; ii attacks the colonizer. Because colonies are 
substantially weaker than the colonizers, they never win the revolt, but the War-Cost of 
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the attack costs the colonizer and reduces the wealth of the colony so that it is more likely 
to be let go. WarJSpoils are not distributed in revolts. 

Note that the bellicist policy in this simulation is fairly expensive (a characteristic 
vhich it shares viih the real world...) and will pay off only through the elimination of 
rivals, the acquisition of colonies, and attacking nations which are substantially weaker 

Pacifist 

The pacifist mode decreases Milex by a fixed amount, which in turn will increase the 
amount of economic growth. Milex cannot be decreased below a level MinJMilex. 

Imperialist 

A nation in the imperialist mode seeks to acquire colonies To acquire a colony, the 
nation seeks out the weakest nation in the system, and the GNP of that nation must be below 
a certain percentage of the GNP of the imperialist (e.g. 25% ). Imperialism succeeds if the 
imperialist has a victory in a war with the potential colony, all of the effects of wa 
discussed above hold for colony acquisition. 

The effects of acquiring a colony are the following: 

Colonizer: 1. Increase Milex by fixed amount to account for cost of 

maintaining control of the colony 

2. Colonizer subsequently gets fixed % of GDP of colony 

3. GDP decreases by the cost of war for acquisition 

Colony: 1. Fixed 7o of GDP is lost to colonizer each year 

2. Intrinsic growth rate is increased. 

3. GDP decreases by the cost of war for acquisition 

DecoloAi2e 

In this mode, the nation gets rid of its weakest (lowest GNP I colony, and adjusts Milex 
accordingly. While in general it is advantageous to hold onio colonies, getting rid of ihem 
has several advantages. First, the uecreasc in Milex increases economic growth. Second, 
getting rid of colonies reduces the likelihood that one will be attacked by a bellicist nation, 
since the targets of bellicist nations art; chosen on the basis of colony holdings. Finally, 
getting rid of a colony eliminates the cost of dv aling with revolts. 
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2.3. Optmiz&tion Rule 

Optijni2ation in the simulation is essentially rule-based and involves first choosing 
the mode of behavior, then making some fairly simple choices in the implementation of 
that mode. 

The key variable in deciding vhether to change policies is to figure out whether the 
nation is doing as well in terms of GNP growth as it had projected. This is measured by a 
variable called Pcrformaficc, which is the ratio of the current GNP to the GNP level 
projected two years before. The projections assume that everything in the system remains 
fixed: it just iterates the system forward two years with no policy changes or other 
activities. 

If Fw^rformance is worse than a level BacLPoiicy then the nation either reverses the 
policy it followed when the projecUon was made or, if that policy was Neutral (i.e. the 
policy itself wasn^t doing anything, so by inference something elsewhere in the system 
must have changed), the nation adopts the policy of the nation with the highest 
performance currently in the system. In this way a nation which is doing poorly can see 
what nations which are doing well are doing, and try to follow that exampU. 

This is the precedent-based characteristic of the model, which essentially assumes 
"copy-cat" behavior. If a nation is currently in Neutral, and sees diminishing 
performance, then it looks to see what other nations in the system are doing successfully. 
It adopts as policy the Mode of the nation with the best observed performance at the 
moment. In other words, short-term precedent-seeking allow the nation to have access to 
the results of the experimentation of all of the nations in the system. 

This is a somewhat different precedent-searching mechanism that the models 
discussed earlier, since it relies on current behavior of other nations in the system rather 
than past behavior of the nation engaged in the policy. It is used for two reasons. First 
and most obviously, it does not require as much storage as a full historically-based 
precedent system. Second, it reduces the chance that the system will find an inappropriate 
precedent by confining the search to the recent past, when the system was in more or less 
the same configuration. 

If the performance level is better than Bad-J^oiicy but less than OUolicy. and the 
a non-Neutral policy has been followed for more than one year, policy is shifted to Neutral 
This is designed to fix the parameters at whatever they are at the moment. 

If the performance is better than Oll^Policy. then the nation continues with whatever 
policy it was following. Thus, for example, if it was decolonizing, it will drop another 
colony; if it was bellicist. it will start another war and so forth. 
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2.3.1. ExperimenUition 

The other cause of policy change is esperimentation the random selection of 
policy vhen one is in the Neutral mode. This is done with a fixed probability w^henever the 
nation is in the Neutral mode and, in the experiments I have done, accounts for a lot of the 
change in the system. 

Experimentation has two roles From a modeling standpoint, it is a realistic addition to 
the model which reflects stochastic shifts in governmental decision-making. For example, 
a nation may decide to decolonize because of an assortment of reasons that are not directly 
related to the success or failure of that colonial policy. The use of random experimentation 
serves as a surrogate for vastly more complex internal changes in government and public 
opinion which cause policies u? change even when the external environment has not 
significantly changed. From the standpoint of the running of the simulation, the 
experimentation provides the input which allows the system to show diverse behavior and 
to learn. The rule that mediocre performance moves a nation to a Neutral policy should 
keep the behavior bounded, but adding in addition stochastic experimentation should aliov 
it to learn. 

2.3.2. Limited Rationality 

A very important thing to keep in mind about this s\^stem is that it employs limited 

rationality. It is a d umb system , and it is very deliberately dumb : it has been designed 
!o be dumb and slow because foreign policy bureaucracies are, arguably, dumb and slow. 
As it turns out .it is because of this that the simulation models plausible behaviors fairly 
well. It is, in fact, sometimes a frustrating system to watch, since, for example, a weak 
colonial power will be sitting around for a while waiting to be picked off, and the system 
will be agonizingly slow in getting around to it. This is a very different type of behavior 
than most simulations that I am aware of. which usually operate much more quickly and 
are far more likely to exhibit optimal behavior. All-machine simulations do this through 
mathematical optimization techniques which are often extremely clever and 
information-intensive techniques: human decision-makers in human-machine 
simulations often shift policies more quickly and with fewer constraints than real-world 
bureaucracies 
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3. RESULTS 

3.1. Paraiaeter Sellings 

The system was tested with the parameter values set as shown in the Appendix. The 
basic system studied was initialized with twenty independent nations of three general types 

Large 

ApproxGNP 120 
Milex 6% 

AGDP 2% 

Medium 

GNP 40 

Milex 3% 

AGDP 2% 

Small 

GNP 10 

Milex 2% 

AGDP 4% 

The system contains five large, five medium, and ten small nations. Colonial and trade 
linkages were initially set at zero. 

The values of the remaining parameters are given in the Appendix. These provide for 
a simulated world where large powers benefit primarily from imperialism and trade. War 
is a fairly costly proposition, costing all of yearly military expenditure when fought 
between equals. Colonial exploitation is ruthless and extracts a sizeable percentage ( 10% ) 
of the GNP of the colonized nation, so the colony suffers limited growth as a consequence. 
The comparative advantage of trade gives 2% advantage to trading over internal growth, so 
there is a positive incentive to trade. Large and medium powers have relatively slow 
economic growth, and the large powers spend a great deal on the milita^>^ The small 
nations have much higher growth but start out with only a fraction of the wealth of the 
large powers. 

As with all simulations, these parameter values are, of course, somevhat arbitrary, and 
in the little experimenting I did, the system does not appear highly sensitive to the 
parameters, though sume changes occur. In terms of timing, the relation of simulation 
time to "real" time is probably something ' e three or four to one: in other words, in five 
simulation years, one sees a level of activiiy which might be appropriate for twenty years 
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3.2. Overall Behavior 

The simulation was run a large number of times and the behavior observed. Two of 
these runs are summarized at the end of the paper in a script which reports the actions 
taken in each year, and a statistical summary which shows the state of the system at five 
year intervals. One run. labeled the Trade Exhibit, has a great deal of trade activity ar^d is 
somewhat atypical: this run shows some interesting colonial activity as well The Qther 
run. labeled the Imperialism Exhibit, is more typical of the behavior except for th(? relative 
absence of war in the latter half of the run . 

The first and most fundamental observation about the behavior of the system is that it 
works: the exhibited behaviors are stable (in the sense that the system is self-correcting), 
there is quite a variety of plausible activity and interaction, and the system does not 
immediately degenerate into a predictable pattern based on the initiul conditions(e.g. a 
single powerful nation). This, in turn, is a problem for describing the system: it can in 
fact exhibit a number of different behaviors. The comments in this section will therefore 
try to give a general indication of how the system seems to be operating in addition to 
dealing with the two runs which are presented. 

One of the most interesting characteristics of the system is the variety of different 
types of behavior individual nations can exhibit. While, as one would expect, large nations 
tend to remain large and small nations tend to get colonized, counter-examples occur. 
Frequently one or more of the minor nations will end up larger than the middle or major 
nations, and in one run a minor nation managed to grow sufficiently large to colonize a 
major nation that had been on the losing end of several wars, lu ,ill cases a great deal of 
shuffling in size occurs between the beginning and end of the simulation, and one can see 
the rise and fall of empires and trading systems in some runs. 

3.1. ExperimeAtation .vs. Precedent-SeeSiiiig 

As is apparent from the text listings, the most frequent factor in changing behavior is 
experimentation rather than precedent seeking, though precedent-seeking is used on 
some occasions. However, the sheer frequency is somewhat deceptive for a couple of 
reasons. First, quite a bit of inappropriate experimentation is done, such as the use of the 
DcCol strategy by nations without colonics, the Autarky strategy by nations not engaged in 
trade, and the Imper strategy by nations too small to find anyone to colonize. These 
innovations are unsuccessful and the nation reverts to Neutral status. Obviously a couple 
of lines of code could eliminate such experiments. 

Overall the precedent-seeking which does occur seems to have more impact on the 
system than the random experimentation. The two policies which diffuse are the Imper 
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and Liberal strategies, and when the system is particularly ripe for imperialism (such as 
^zrhen several minor nations have obtained sufficient wealth that they are attractive 
targets and via their experimentation with the Pac strategy have reduced their Milex). it 
will diffuse through the system and there will be a fairly quick (t^n year) transition from 
a state of one or two colonies to ten or more. 

As the scripts make clear, one of the most frequent policies adopted is Neutral. There 
is a simple, and not wholly credible, reason for this. The most frequent cause for an 
increase in performance — which is the ratio of observed lo expected GNP - is through 
gaining a trading partner, which can only be done if one is in the Neutral or Liberal mode. 
Ergo, even though the rearcn for the good performance is trade — which would imply 
adopting a Liberal policy — the actual policy which led to that trade may be Neutral. I 
haven't decided whether this should be considered a bug or a feature. 

The limits for setting policy - BadJ^oiicy and OK-Policy - were probably set too wide 
to evoke a lot of precedent- seeking — the performance measures are almost always within 
a couple percentage points of 1 .0 and the policy change points were set at about five points 
outside 1.0. Narrowing the range of these parameters would increase the use of 
precedent-seeking and policy reversal. 

3.3. Iffiperiaiism 

Vith the settings of the system parameters used in the simulation runs, the system 
almost in variably ends up with some colonialism, though these can take a variety of forms. 
The typical run ends up with three or four nations acquiring colonies. The colonial 
systems established at the end of the simulation usually were accumulated through a 
combination of direct imperialism and winning wars against other colonial powers, a 
feature having much in common with the European system. 

Because possession of colonies attracts attackers, it is difficult for a middle power to 
hold onto colonies. In the typical run, middle powers acquire colonies early on. but those 
colonies are then taken by a larger nation. Exceptions to this occur when the middle 
power has also acquired sufficient trade links to build up adequate GNP to resist attacks by 
larger powers, or is just plain lucky and is not successfully attacked. 

Because the level of exploitation of the colony by the imperial power is set fairly high 
(107o of GNP per year), a nation which is colonized early in the simulation will experienced 
a declining GNP the remainder of the time. The situation of Fallia in the Imperialism 
Exhibit (where imperialism occurs fairly late in the simulation), or of Asgard. Pamogran. 
Sol III and AI Centu in the Trade Exhibit are typical of this pattern . This means that in the 
long run. the colonies are of little use to the imperial power, and in fact probably only 
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serve to attract attackers. Thus, for example, Al Centu manages to tio through four owners 
( Jaglan B, Altair . Sirius and Dentrass) in twenty years while its GNP of aroundTontributes 
virtually nothing to its owners As such, Al Centu acts as the Lebianon of PWORLD. 

The acquisition of Al CenU) by Jagian B illustrates one other fairly common 
phenomenon, which is small powers picking ^;;p colonies discarded by larger powers. Al 
Ceniu was originally coloni7,ed by Dentrass. us GNP was driven to low levels, then dropped 
by Dentrass and briefly picked up as a coiuny by Jaglan B. This type of exchange occur? 
fairly often late in the simulation . Because colonizers have to be substantially larger than 
colonies (4 times in this case), about the only way a small power can be imperialist is to 
lake over a colony previously bankrupted by another coloniser. 

Decolonization occurs entirely by experiment and seems to be a fairly innocuous to 
positive strategy. Since colonization usually reduces the GNP of colonies to a fairly 
worthless level anyway (unless those colonies have strong trade links), discarding them 
results in little economic loss and reduces both Milex and the possibility that one will be 
the targetof abellicisl nation. Since decolonization is a strategy which is only meaningful 
for nations which have colonies in the first place, and at any given time usually only a 
small fraction of the nations in the syst^;m have colonies, decolonization is unlikely to 
diffuse as a strategy in the system, but does provide some additional flexibility in the 
behavior pattern exhibited. 

3*4. Trade 

The Trade Exhibit shows a system which is dominated by trade links, though it also has 
some imperialism. Because trade is doue with nations closest in size, one frequently finds 
some sets of 2 to 4 nations which are strongly engaged in mutual trade, exchanging 
multiple chunks of trade with the same partner. Thus, in the Trade Exhibit. Algol. Pallia 
and Jaglan B are engaging in mutual trade, as are Arcturus and Dentrass, and Viltvodl and 
Eadrax. 

Trade is clearly the "power strategy ' in this simulation, since it increases the rate of 
growth. The strong interlinkage between Viltvodl and Eadrax illustrates this - the two 
nations far surpass the others in growth due to their maximal (20% ) trade linkages. This 
stra t*i:,y also is pursued by the smaller nations — for example it is not uncommon to see 
strong linkages between Sol III Bethsela and Al Centu (when they avoic" being colonized ) 
wee they are at the bottom of the list m wealth Once those linkages art; established, those 
nations grow together and at times become quite large. 

In some early experiments, i raised the Trade Jvlult parameter to 4% and this resulted 
in much stronger tendencies to establish trade links that the example given here At ihc 
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4% trade level, many nations quickly established strong tradinij relationships, up U*» the 
maximum amount Ma£_Trade. In fact, one fairJy common pattern is the establishment of a 
system which is primarily driven by trade Tv-ith relatively little conflict. This is more 
likely to occur when a number of nations experiment with the Pacifist strategy early in 
the simulation: this has the effect of increasing growth to give good performance, and 
decreaser,' the military strength so that if a major nation does experiment with imperialism 
or war, it draws or loses. Ironically, a loss in a non-imperialist war may augment a trading 
strategy, as it halves Milex. Since trading nations have, in the long run, high amounts of 
growth, they eventually become too large to be successfully -avtacked. 

3 4. War 

As noted earlier, the system was designed to make war a risky proposition, and as a 
consequence? one did not, for the most part, find nations engaging in a lot of war. As the 
summaries indicate, the median number of wars is around 3, and since each war is counted 
twice (once for the initiator and once for ihe defender), this means a median of 1.5 wars 
initialed. 

The primary function of war seems to be as a disincentive of colonialism, particularly 
by smaller powers. Since a bellicist nation decides who to attack bailed on which nation 
smaller thao. it has the largest number of colonies, a middle power acquiring colonies 
becomes a lightening rod for attacks by larger iiations. The typical situation for a middle 
power acquiring colonies early in thv'i simulation is to lose them in a war. A counter- 
example is found in the Imperialism Exhibit, where the middle power Eadrax acquires 
colonies and then since no major powers subsequently experiment with the Bellicist mode, 
it keeps those colonies. The more typical pattern is the acquisition and then loss through 
war of colonies by Altair. Jaglan B and Sirius in the Trade Exhibit. 

Since a successful war results in a transfer of GNP from the defeated to the victor, it 
results in a temporary increase in the Perform index and hence is a policy likely to be 
imitated. However, because wars only result in an increase when won, and draws (which 
cost) are quite likely against nations roughly the same size, war (unlike imperialism) does 
network well as a general strategy. 

An example of the effects of high war involvement is Altair in the Trade Exhibit, 
which experienced an unusually high total of 17 wars in the fifty-year period. Altair 
acquires two colonies early (by year 15), which subsequently makes it a prime target for 
attacks. Thus Altair is attacked by Megratha. which is only slightly larger than Altair in 
size, in years 23, 24. 27, and 28 but Megratha draws each time (meanwhile Megratha, 
initially a major power, has become comparable in size to AlUiir through the lack of any 
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trade and all these wars...). Altair continues to survive attacks, fends off a revolt by 
Damogr^^n. attacks and defeats the slightly smaller Jaglan B on the second try at a war. 
acquiring a third colony in the process and finally succumbs in a war with Sirius. by now 
almost ten times larger. The upshot of all of this activity, however leaves Altair. originally 
a middie power, at about half the GNP lerel of the uncolonized minor powers. 

The opposite strategy of war. Pacifism (reduction of Milex) is used a lot experimentally 
and can be used quite successfully. So. for example, the la.rge3t nation in the Trade Exhibit 
by year is Viltvodl. which had reduced Milex lo the minimal 0.01 level by year 10. and in 
the Imperialism Exhibit Viltvodl (name is coincidental) has the second largest GNP with a 
Milex of 0.018. The strategy used by both Viltvodl s is to combine high trade and low 
Milex so that the sheer size of the GNP produces a total military expenditure large enough 
to deier attacks. 

4. Discussion laind Conciusion 

The discussion above gives a general flavor for the type of behavior exhibited in the 
simulation. In general, the patterns generated are highly varied but ai the same time 
plausible, and the behavior of the system remains bounded. 

So. what good is this? While I would hardly expect this to replaci' GLOBUS or SARUM(il 
also cost somewhat less...), it might have some utility. First, it.^.hows that a system 
primarily driven by qualitative policy change can exhibit plausible and bounded 
international behavior. Given the increasing interest in qualitative and rule-based 
models, and more generally a movement in the formal modeling community away f^-om 
simplistic attempts to fit international relations into the Procrustean bed of classical 
mathematics, this type of effort might find some use. Second, to the extent that the 
precedent-based policy making as opposed to experimentation was utilized, the model 
indicates that this can be incorporated as a dynamic mechanism. In particular, it is my 
opinion that the bounded rationality incorporated into this model provides more plausible 
and interesting patterns than the mathematically optimizing routines found in some 
earlier work 

Finally, the model is perhaps useful as a scenario generator, showinii how a system 
n^ight evolve from a given set of initial conditions based on random policy experimen- 
tation More generally, what the model provides, through multiple simulation runs-, is aii 
envelope of possibilities of system evolution from a given initial value and set of 
parameters rather than making a sinsie point prediction, in other words while the model 
produces a variety of behaviors, it does not produce infinitely varied behaviors. For 
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example, some imperialism is found in virtually all of the runs, but unlike some optimizing 
simulations which incorporate imperialism, one never gets the "Roman empire" scenario, 
where a single nation comes to dominate the entire system. Thus under the initial 
conditions Fve worked with, limited imperialism is inside the envelope of possibilities: total 
imperialism is outside of it. 

This envelope of possibilities approach in turn relates somewhat to issues in the 
mathematical theory of chaos, which can be used to describe systems whose general 
behavior is predictable but whose specific, micro-level behavior is not. Thus, for '3xample, 
one can predict the general characteristics of the turbulent flow of smoke rising from a 
cigarette - the smoke will generally rise, it will contain whorls which have generally 
predictable shapes and movements and the smoke will generally respond in predictable 
ways to disturbances such as a light breeze — but the exact path of any given particle in 
the stream of smoke is effectively unpredictable because of the chaotic nature of the 
equations describing its dynamics. These envelopes are essentially the same as the set 
predictions which, as I've argued extensively elsewhere (Schrodt 1986a.l986b). are 
probably more useful than point prediction in modeling international events. 

The model as it stands is probably a bit too dumb, and could use a little more 
intelligence and a little slowing down to be more finely tuned. Clearly the level of 
experimentation is too high, though it was set high in part to see whether a highly random 
environment would crash the system, which it did not. This would involve a simple 
parameter change. Second, the memory of the system is very short - the time horizon I 
used was only two or three years (depending on how you count). The ideal system would 
bias a nation towards first looking for past precedents in its own history — and looking 
over all of that history rather than simply scanning the current system. That, in turn, 
would probably mean that there was more adoption of strategies other than the Neutral 
strategy, since a nation could find non-Neutral strategies in its past even if those were the 
only examples available in the present. This could be done with a bit of a programming 
and a lot of investment of additional memory. Finally, a few more rules might make the 
system behave a bit more credibly: for example a lot of experimentation is currently 
inappropriate for the nations involved (e.g. decolonization for nations with no 
colonies) 
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0.068 


MEU 


) . (10 


(1 


2 


0 


Vogon 


527,39 


0,068 


NEU 


1 . 00 


0 




0.065 


NEU 


1.00 


0 


I 


2 


Sirius 


369.90 


0.065 


NEU 


1.04 


0 


4 


0,0.'i3 


NEU 


1.02 


0 


0 


4 


Mcqratha 


169,35 


0.053 


NEU 


0.96 


0 


0 


0*060 


NEU 


1.00 


0 


3 


0 


Arcturus 


574.70 


0,060 


NEU 


1,00 


0 




0,058 


NEU 


1 , (10 


0 


n 


0 


DentrasB 


590.04 


0,058 


MEU 


1.00 


1 


4 


0.009 


NEU 


0.95 


0 


1 


n 


Viltvodl 


nic cy 
ilOJ. JO 


0.009 


NEU 


1,11 


0 


7 


0.026 


NEU 


0.98 


(1 


1 


0 


Eadrax 


243.48 


0.CI26 


NEU 


1.06 


0 


c 
J 


0.024 


MEU 


0.98 


0 


0 


0 


Altair 


114.68 


0.034 


NEU 


0.97 


n 


0 


0,012 


NEU 


1.00 


0 


0 


0 " 


UM-BGta 


72.18 


0.007 


NEU 


1 . 0(1 


0 


0 


O.02O 


NEU 


1,00 


0 


0 


2 


Asgard 


59.53 


0.012 


NEU 


1.00 


0 


0 


0,019 


NEU 


1.00 


0 


0 


2 


Algal 


37,98 


0.014 


BEL 


1.02 


0 


2 


0.028 


NEU 


l.OO 


0 


0 


0 


Santragi 


38.47 


0.028 


NEU 


1.04 


0 


n 

A. 


0.022 


PAC 


1 . 00 


0 


0 


0 


Pallia 


31.12 


0.017 


NEU 


1 . 00 


0 


1 


0.026 


NEU 


1.00 


0 


0 


0 


Jaglan B 


31,13 


0.026 


LIB 


1.04 


0 




O.OIS 


PAC 


1.00 


0 


2 


0 


KaNrafoo 


51.21 


O.OlO 


NEU 


0.99 


0 


2 


0.024 


NEU 


1,00 


0 




0 


Traal 


48,82 


0.024 


NEU 


1.00 


0 


n 


0.023 


NEU 


1.00 


0 


1 


0 


Damogran 


5.77 


0,011 


NEU 


0.96 


0 


0 


0.022 


LIB 


1.00 


0 


I 


0 


Sol III 


5.89 


0.011 


NEU 


1.00 


0 


1 


0.021 


NEU 


1,00 


0 


0 


0 


Bethsclfl 


21,97 


0.021 


NEU 


1.04 


0 


3 


n.(»20 


MEU 


l.OO 


0 


0 


0 


A) ri?htu 


5.39 


O.OlO 


MEU 


1 . 00 


(• 


I'l 



Altair 
Altair 



2 
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Y^cir 30 




















6NP 


Mile)i 


Mode 


Perf 


«Col 


ttTradG 


Wars 




Vogon 


741.155 


0.068 


NtU 


1.00 


(1 


3 


0 




SiriuE 


571.5..2 


0.065 




1.00 


0 


4 








177.39 


0.053 


NEU 


0.96 


0 


0 


8 




Orcturus 


827.56 


0.060 


flEU 


1.00 


0 


Y 


0 






900.77 


0.033 


NEU 


1.01 


() 


<; 


2 




Viltvodl 


627.26 


0.009 


NEU 


0.99 


0 


9 


4 




Eadrax 


550.58 


0.031 


N^U 


1 . (10 


1 


7 


1 




mtflir 


125.91 


0.034 


m 


0.93 


n 

A' 


0 


9 




UM-Beta 


B3.60 


0.007 


NEU 


1.00 


(1 


(> 


1 




Asgard 


43.03 


0.006 


PAC 


1.00 


0 


0 


5 


Eadrax 


Algol 


55.70 


0.009 


PAC 


1.00 


0 


2 


7 




Santragi 


56.14 


0.020 


NEU 


1.00 


0 


2 


0 




Fallia 


46.19 


0.017 


NEU 


1 . 00 


0 


3 


2 




Jaglan D 


51.46 


0.026 


NEU 


1.00 


0 


4 


0 






74.43 


0.010 


NEU 


1 . 00 


(1 


2 


1 




Trasl 


71.36 


0,024 


NEU 


1 . 00 


0 


2 


0 




DaiiiDgran 


4.16 


0.011 


NEU 


1 . 0(1 


0 


0 


1 


Altair 


Sol III 


4.73 


0.011 


NEU 


1.00 


0 


1 


1 


Altair 


Pethsela 


33.37 


0.021 


LIB 


1 . (1(1 


(» 


4 


1 




Al CentLi 


S.B'? 


O.OlO 


NEU 


1.00 


0 


0 


1 




Year 35 


















Name 


BNP 


flilev. 


liode 


Perf 


«Cd1 


jiTrade 


Wars 




Vogon 


1262.60 


0.068 


NEU 


1.02 


0 


6 


(1 




Sirius 


868.61 


0.065 


NEU 


0,98 


0 


3 


2 




Megratha 


:94.B5 


0.053 


NEU 


1.00 


0 


(1 


8 




Arcturus 


1282.09 


0.060 


NCU 


1.01 


0 


4 


0 




Den trass 


1376,;:7 


0.053 


NEU 


1,01 


(1 


4 


2 




Viltvodl 


1468.19 


0.009 


NEU 


0.97 


0 


8 


4 




EadraK 


1316.93 


0.O31 


NEU 


1.05 


1 


9 


1 




Altair 


149.42 


0.034 


NEU 


1.00 


2 


0 


10 




UM-Beta 


96.91 


0.007 


NEU 


1 . 00 


0 


0 


1 




Asgard 


29.53 


0.006 


NEU 


1,00 


0 


0 


5 


Eadr a>! 


Algal 


61.67 


0.O09 


NEU 


1 , 0(1 


0 


2 


7 




Santragi 


B1.93 


0.028 


NEU 


1.00 


0 


2 


0 




Fallia 


77,47 


0.017 


NEU 


1.00 


(1 


4 


2 




JagUn B 


96. -'-0 


0.031 


NEU 


1.02 


1 


4 


2 




Kakrafoo 


10B.:3 


0.010 


NEU 


1.00 


0 


2 


1 




Traal 


104.30 


0.024 


NEU 


1.00 


0 


n 


0 




Dadiogran 


3'. 00 


0.O06 


NEU 


1.00 


0 


0 


2 


Altair 


Sol III 


3.79 


0.011 


NEU 


1. 00 


0 


1 


1 


Altair 


Bethsela 


59.09 


0,021 


NEU 


1.00 


(1 


5 


1 




Al Centu 


5,ijl 


0.002 


NEU 


0,B6 


0 


.0 


3 


Jaglan 


Year AO 


















Name 


GNP 


[1ilf?>[ 


Mode 


Perf 


tiCol 


tiTrade 


Wars 




Vogon 


226S.70 


0.068 


NEU 


1.00 


0 


6 


(1 




Sirius 


1252.37 


0. 065 


NEU 


1.00 






2 




Megratha 


202. 7B 


0.053 


NFU 


0.97 




0 


10 




ArctLirus 


2022.96 


0.060 


NEU 


1.00 


0 


4 


0 




Dentrass 


2113.77 


0.053 


NEU 


1.01 


(1 


4 


2 




Viltvodl 


3307.17 


0.009 


NEU 


1.00 


0 


8 


4 




Eadrax 


3247.24 


0.O31 


NEU 


1.00 


1 


9 


1 




Altair 


169.39 


0,034 


BEL 


0.98 


3 


0 


15 




UM-Beta 


109.65 


0.012 


NEU 


0.99 


0 


0 


5 




Asgard 


20.26 


0.006 


NEU 


1,00 


0 


0 


5 


Eadra>: 


Algol 


UB.76 


0.009 


NEU 


l.OO 


i!i 


2 


8 




Santragi 


116. 5B 


0.028 


NEU 


0,98 


0 


2 


2 




Pallia 


131.00 


0.017 


NEU 


1,00 


0 


4 


i. 




J^glan B 


134.11 


O.Olt) 


NEU 


1.00 


0 


4 


4 




Kalra^oD 


157,64 


0.010 


NEU 


1.00 


(1 


2 


1 




Traal 


152.44 


0.024 


NEU 


1.00 


0 


i. 


0 




Damogran 


2.16 


0.006 


NEU 


1.00 


0 


0 


2 


Altair 


O 


3.67 


0.011 


NEU 


1.00 


0 




1 


Altair 


:RLC 


104.67 


O.Oll 


NEU 


1.00 


0 


5 


1 






/t 




Mm 




fl 









Year 45 


















NaiTib 


GNP 


Mi 1 e>i 


Mode 


Perf 


tICol 


«Trade 


Wars 




Vcgon 


4136.83 


0.058 


PAC 


1.03 


0 


7 


0 




Sirius 


1811.69 


0.065 


NEU 


1 . 00 




3 


4 




Megratha 


210. SB 


0.026 


NEU 


0.94 


0 


0 


11 




f-ircturus 


3361.53 


0,060 


LIB 


1.02 




6 


0 




Dentr^i^ss 


3408.61 


0.053 


NEU 


1.02 


(1 


6 


2 




Viltvodl 


8326.47 


0.009 


NEU 


1.02 


0 


10 


4 




Eadra:: 


8191.49 


0.031 


NEU 


1 . 00 


1 


10 


1 




Altair 


1B6.19 


0.017 


NEU 


0.94 


0 


0 


1? 




UM-Beta 


124.83 


0.012 


NEU 


0.99 


(1 


0 


3 




Asgard 


14.48 


0.006 


NEU 


1.01 


0 


2 


r 
J 


EadraM 


Algol 


176.59 


0,009 


LIB 


1 . (lO 


0 


3 


8 




Santragi 


170.14 


0.028 


NEU 


1.00 


0 


2 


2 




Fallia 


223.50 


0.007 


MEU 


1 . 00 


(1 


4 


2 




Jaglan B 


224.04 


0.015 


NEU 


0.99 


0 


4 


6 




KalralDO 


229.66 


0.010 


NEU 


1.00 


(1 


2 


1 




Traal 


222.81 


0.024 


NEU 


LOO 


0 


2 


0 




Damogr^^n 


1.55 


0.006 


NEU 


1 . ('0 


0 


() 


2 


Sirius 


Bol III 


3.61 


0.011 


NEU 


1.00 


0 




1 


Sirius 


Bethsela 


198.49 


O.Oll 


NEU 


1 . (lO 


1) 


6 


1 




Al Centu 


4.50 


0.002 


NEU 


1.04 


0 


4 


3 


Sirius 


Year 50 


















Name 


GNP 


Mile): 


Mode 


Perl 


«Col 


TiTrade 


Wars 




Vogon 


7719.73 


0.068 


NEU 


1.01 




6 


2 




Birius 


2115.50 


0.032 


NEU 


0.91 


0 


1 


6 




Megrjtha 


231.90 


0.026 


MEU 


1.00 


0 


(J 


11 




ArctLirus 


6259.47 


0»060 


NEU 


1,00 


0 


6 


0 




Dentrass 


5783,15 


0.053 


BEL 


0.96 


3 


5 


4 




Viltvodl 


21026.3 


0.009 


NEU 


1,00 


0 


10 


4 




Eadra>: 


20434.8. 


0.031 


NEU 


1.00 


1 


10 


1 




Altair 


236,91 


0.017 


NEU 


1.00 


0 


1 


r; 




UM-Beta 


144.46 


0.012 


NEU 


1 . 00 


0 


(1 


8 




Asgard 


10.74 


0.006 


PAC 


1.00 


0 


n 
i. 


5 


Eadra« 


Algol 


309.43 


0.009 


LIB 


1 . (1(1 


0 


5 


8 




Santragi 


248.31 


0.028 


MEU 


1.00 


0 


2 


2 




Fallia 


301.27 


O.004 


F'AC 


0.86 


(1 


4 


3 


Vogon 


J Dig I art B 


282. BO 


O.OOB 


NEU 


0.79 


0 


5 


7 


Vogon ^ 


Kakrafoo 


334.76 


0.010 


NEU 


l.OO 


0 


2 


1 




Traal 


325.65 


0.024 


NEU 


1.00 


0 




0 




Damogran 


1.12 


O.006 


NEU 


1.00 


0 


0 




Dentrass 


Sol III 


3.56 


0.006 


NEU 


1.00 


0 




1 


Dentrass 


Bethsela 


361.46 


0.011 


NEU 


1.00 


0 


6 


1 




Al Centu 


4.70 


0.002 


NEli 


1.00 


0 


4 




Dentrass 
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. ERJC!fr 



J Hi nil.' lliMirallu^ 
l^Hr MfKifc^tha ViltvoiU 
I ill. Mode Ifiica 

Trade link ta Kekrafoo 
Lib^Hode E3dra>! • 

Trade link to Viltvodl 

Year B 

Jlode Megratha 
War Mcgrdtha Viltvodl 
Victory 

Ye^ar 9 

Viltvodl e>!perifiit?nt5 with DEC 
Altair e);pE?riiiiDnts with AIJT 
Aut^^rl;jlDde Altair 
Delinl^ Eadra):- 
i.'al'.ralao e;;peri(nents with PAC 
Pacif^tiodEi Calr^ifoo 

Year 10 

FflUu e;:perifiientG with PAC 
Pai:if_MadE Fallia 
Paci^^Mode Ka|;rafoQ 
Sol III e>;perifiient5 with LIB 
Lib^node Sol III 

Trade link to Daoiogrt^n 

Year 11 

Dentracs {?>:pGrin)ent5 with DEC 
Traal e>:periniGnts with DEC 
Lib^Mode Sol III 

Tradt? link to Dafnogran 
Pacil^Mode Fallia 
'iltAir experiments with IMP 
Iirper^Mode filtair 
War AUair Damogran 
Victory 

UM-&eta e)!perimerits with PAC 
Pflci^^Mode UM-Beta 

Year 12 

Dafnogran adopts Sol III policy NEU 
Pacif^hode UM-Beta 
IfTiper^Mode Altair 
War Altair Sol III 
Victory 

Year 13 

Damogran adopts Altair policy NEU 
Jciglan p experiments with IMP 
Iffiper^Node Jaglan B 
Dpntrass experiments with LIB 
Lib^Mode Dentrass 

Trade link to Sirius 
Viltvodl e):perifnent5 with LIB 
Lib^Mode Viltvodl 

Trade link to Eadra>: 
Autark^Mode Sol III 

Delink Damugran 
BethSQla enperiments with LIB 
Lib^Mode Bethsela 

Trade link to Dafroqran 



Year 14 

Santragi e)iperiments with DEC 
Autark^Mode Sol III 
Delink Dafnogran 
Lib^Mode Viltvodl 

'Trade link to Eadra>; 
Libjlode Dentrass 

Trade link to Vogon 
Lib__MQde Bethsela 

""Trade link to Sol HI 

Year 15 

Dainogran experiments with IMP 
Algal Bxperifiients with PAC 
Pacif^flode Algol 
Kakrafoo experiments with IMP 
Imper^Node Kakra^oo 

Year 16 

Fallia experiments with BEL 
Bell^hode Fallia 

War Fallia Algol 
Paci^^Mode Algol 
Altair experiments with AUT 

Year 17 

Megratha experiments with DEC 
Pell_llDde Pallia 
War Fallia Algol 

Year 19 

Asgard experiments with IMP 
Ifiiperjiode Asgard 
War'Asgard Al Centu 
Victory 



Year 19 

Al Centu adopts Asgard 
Imper^tlode Asgard 



policy NEU 



Yei^r 20 

Al Centu adopts Asgard policy NEU 
Algol experiments with BEL 
Bell^Hode Algol 
Fallia experiments with AUT 
Dentrass experiments with BEL 
Bell^Mode DentrasiJ 
War Dentrass Asgard 
Victory 

Year 21 

Asgard experiments with DEC 
Bell^Mode Algol 

War Algol Betheela 
Traal experiments with DEC 
Bell^Mode Dentrass 

War Dentrass Altair 

Year 22 

Altair experiments with AUT 
Santragi experiments v^ith LIB 
Lib.Mode Santragi 
Trade link to Algol 



Year 2:. 

Lib^Mode SiJntragi 
'Trade link to Algol 

Sirius experiments with LIB 

Lib^Mode Sinus 

"Trade link to Viltvodl 

Damogran experiments with AUT 

Autark^node Damogran 

Delink Bethsela 
KalrafoD experiments with PAC 
Pacif^Mode Kakrafoo 
Megratha experiments with BEL 
bell^Mode Megratha 

War Megratha Altair 
Viltvodl experiments with LIB 
Lib^ModG Viltvodl 

Trade link to EadraK 
Bethsela experiments with LIB 
LibJIode Bethsela 

Trade link to Jaglan B 

Year 2fl 

Damogran eMpenments with DEC 
Bell Jode Algol 

War Algol Kakrafoo 
Lib^Mode Bethsela 

Trade link to Jaglan B 
Al Centu experiments with DEC 
Bell_Mcide M&grptha 

War Megratha Altair 
Lib^Mode Sirius 

^Trade link to Viltvodl 
Paci^_Mode Kakra^oo 
Lib_Mode Viltvodl 

Trade link to Eadra): 

Year 25 

Vogon experiments with DEC 
Bell^Mode Algol 

War Algol UM-Beta 
Jaglan P experiments with LIB 
Lib_^Mode Jaglan B 

Trade link to FdUia 

Year 26 

Lib^flade J<iglan B 

Tradf? link to Fallia 

Lib^node Viltvodl 

Trade link to Eadrax 

Year 27 

Lib^Mode Viltvodl 

Trade link to Eadrax 
Megratha experiments with BEL 
Bell^Mode Meqratha 

War Megratha Altair 
Dentrass e;;perimeAts with DEC 
DeCol^Mode Dc-ntrass 
Delink Al Centu 
Eadrax e::periment5 with IMP 
Imper^Mode Eadra;i 
War Eadrax Asgard 
Victory 



2?- 
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Year 28 

Asgard adopts Al Centu pclicy N£U 
flrcturus experiments with DlC 
Altair experiments with hlL 
Pelljlode Altair 

War Altair Viltvodl 
Bell^Mode Meqratha 

War Megratha Altair 
Vogon B>:pBri(nent5 with DEC 

Year 29 

Acgard adopts AI Centu policy NEU 
Bdl.Mode Altair 

War* Altair Viltvodl 
Algol P);perimpnt5 with PAC 
Paci^^Mode Algol 

Year 30 

Paci^^Mode Algol 

EiE'thsela ejipGriments with LIB 

Lib. Mode Bethsela 

Trade link to Pallia 
As^gard experiments with PAC 
Paci^^tlode Asgard 

Year 31 

Santragi experiments with DEC 
Al Centu eiiperiments with PAC 
Pacif^MDde Al Centu 
Lib^Mude Pethsela 

Trade linf; to Fallia 
Vogon e>: peri merits with LIB 
Lib^MOde Vogon 

Trade link to Viltvodl 
F'pci^^riode Asgard 

Year Z2 

Paci^.ModG Al Centu 
Lib^Mode Vcgon 

Trade link to rtrcturuG 

Year 33 

UM-&eta D>:pDrifnPnts with AUT 
Eadra>: G'/:periiii9nls with LIB 
Lib^Mode Eadray 

Trade* linl to Sirin-h 
Viltvodl e>:ptri(nent5 with AIJT 
Autark^Mode Viltvodl 

Delink Sirius 

Year 34 

Daffiotjran oiperiirentn with l€L 
Bell^Mode Dafnogr an 

Revolt Damogran 

War Altair D£if!io<ir.jn 
Victory 

Jaglan B e>!periiiiL»nt5 witfi IMP 
Imper.Mode Jaglan & 
War Jaglan B Al Centu 
Victory 
AiitarMndr Viltvodl 

Dclinl: Siruis 
Lib.. Mode Eadrav: 

O .ink to Vogon 



Yd.v 35 

Impcr^Mode Jaglan B 
Bell.fiode Al Centu 

Revolt Al Centu 

War Jaglan B Al Centu 
Victory 

Year 36 

Al Centu adopts Eadrax policy LIB 
Lib..Mode Al Centu 

Trade link to Sol HI 
Altair e):periinent5 with BEL 
Bell_MDde Altair 

War Altair Jaglan B 
UM-Beta e.iperiments with BEL 
Bell^Mnde UM-Beta ' 
Santrrigi experiments with DEC 
Bethsela e>:peri(!ient5 with PAC 
Pati^Jlode Bethsela 

Year 37 

Bell^Hode Altai r 
War Altair Jaglan B 
Victory 

Megratha ejiperiments with BEL 
Bell^Mode Megratha 

War Megratha Altair 
Pacifjlode Bethsela 
Libjlode Al Centu 

Trade link to Sal HI 
Bell^Mode UM-Beta 

tJar UM-Beta Algol 

Year 33 

Santragi experiments with BEL 
Bell^hode Santragi 

War Santragi UM-Beta 
Pallia fijrperinients with IMP 
Imper^^Mode Pallia 
Bell^Mode Megratha 

War Megratha Altair 

Year 39 

Bell_hQde Santragi 

War Santragi UM-Beta 
Kjl:ra^oo e>;perifnent5 with IMP 
hiper^Mode Kakrafoo 

Year 40 

Altair e>:peri/nents with BEL 
BelLhode Altair 
War Altair UM-Beta 

Year 41 

Pallia e>!periments with PAC 
Pacif^Mode Pallia 
Bell^fiode Altair 
War Altair UM-Beta 



Year 42 

Viltvodl experiments with LI& 
Lib.Mcde^Viltvodl 

'Trade link to Eadrax 
Damogran e^iperifnents with DEC 
Asgard e>!periment5 with LIB 
Lib Mode Asgard 

'Trade link to Al Centu 
Jaglan B experimpnts with BEL 
E<t?ll^Mode Jaglan B 

War Jaglan B UM-Beta 
Pacif^Mode Pallia 

Year 43 

lib^hode Viltvodl 

'Trade link to Vogon 
Lib^Mode Asgard 

'Trade link to Al Centu 
Sirius e>:perimentB with BEL 
Bell. Mode Sifius 
War Sirius Altair 
Victory 
Dell, Mode Jaglan B 
War Jaglan B UM-Beta 

Year 44 

Arcturus e'/jperiments with LIB 
Lib^Mode Arcturus 

"Trade link to Dentrass 
Bell.Mode Sirius 
War Sirius Megratha 
Victory 

Vogon experiments with PAC 
PflCif.Mode Vogon 

Year 45 

Altair experiments with IMP 
Iftiper^Mode Altair 
Algol e>iperinients with LIB 
Lib.Mode Algol 

"Trade link to Bethsela 
Paci^_M(DdG Vogon 
Lib^Mode Arcturus 

'Trade linl: to Dentrass 

Year 46 

Bethsela experiments with DEC 
Lib^Mode Algol 

^Trade link to Altair 

Year 47 

Viltvodl experiments with LIB 
Sol III experinents with PAC 
Pacif.Mode Sol lU 

Year 4B 

Vogon experiments with IMP 
Imper.ModB Vogon 
War Vogon Jaglan B 
Victory 
Paci^^Mode Bol III 
Sirius experiments with AUT 
Autark^Mode Sirius 
Delink Dentrass 
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i«.,ir •: 

Vogon 

Sirius 

Megratha 

Arcturus 

Dent r ass 

Viltvodl 

Eadra>i 

Altair 

UM-Beta 

Asgard 

Algol 

Santragi 

Pallia 

Jaglan B 

Kfilxa-Poo 

Traal 

Damogran 

Sol 111 

BethBEla 

Al Centu 

Year 5 

Name 

Vogon 

SiriuB 

Megratha 

Arcturus 

DontrasB 

Viltvodl 

Eadra>! 

Altair 

UM-PGta 

Asgard 

Algol 

Bantraqi 

Pallia 

Jag Ian B 

Kai.rafoQ 

Traal 

Damogran 

Sol in 

Pethscla 
Al Centu 







Mode 


Ferf 


«Col 


ItTrade 




0.068 


NcU 


1.00 


0 


0 




0.065 


NtU 


KOO 


0 


0 




t'l TiA*^ 


Mn 1 


1 . 0(1 


0 


0 


110.00 


fl llAl*! 


Mn 1 


1 . W 


0 


0 


10 0.00 


I'l fi^^n 


Mn 1 


1 . U'.l 


0 


0 


50,00 




MCl 1 


1 . w 


0 


0 


45,00 


l"l lI'^A 
^'4.0 


MCl 1 


1 I'ifl 

1 . MU 


0 


0 


40.00 




MCI 1 


! ("lA 

1 . 00 


0 


0 


35,00 




KIC 1 1 


1 . 0(1 


0 


0 


30.00 


ft O'^i') 


MCI 1 


1 .00 


0 


0 


14.00 




MCl 1 


1 . 00 


Ci 


0 


13.00 


ft ftrifl 


MCl 1 


1 .00 


0 


0 


12.00 


0. ri'^7 


MPl 1 


1 . (lO 


(l 


(1 


1 1 . 00 


ft t'PA 


MCl 1 


1 . 00 


0 


0 


10.00 


0.025 


MEU 


1.00 


1) 


0 


9.00 


0 (OC 


Mn 1 




0 


0 


8.00 


0.023 


m 


^00 


0 


0 


7.00 




MPH 


• UU 


0 


Ci 


6.00 


V'i 1 


MCI 1 


1 .00 


() 


0 


5.00 


t'l ft '7/ "I 


ML'1 1 


1 . 00 


0 


0 


GNP 


M t 1 Ql' 


nooe 


Per^ 


ttCol 


^ITrade 


153.55 


<''68 


MCI 1 


1 . 00 


(;i 


0 


142,62 


V.'. UC3J 


MCI 1 


1 . 00 




(1 


131.69 


ft ri,t.\ 


MCI 1 

ntU 


1 . 00 


(1 


(."1 


120.74 




kin 1 


1 . 00 


0 


0 


109.79 


ft ri*=;fl 
V. 'J J a 


MCI 1 

|\tU 


1 . 00 


(1 


0 


60»7B 


ft (\^0 


NtU 


1.02 


0 




55,02 




t TCi 

Ulo 


1.02 


(l 


i. 


46,21 


ft ft'^j 


rICi t 
NtU 


1.00 


0 


0 


40.44 


ft i']'^'^ 

V. \>M^ 


MCI 1 

NtU 


1 . 0'"' 


0 


0 


34.69 






1 . ClU 


Ci 


CI 


IB. 61 


ft fttJ 


rHL ■ 


1 .06 


(1 


2 


IS. 81 


ft ft'^G 


MCl 1 

NtU 


1.06 


0 


3 


15.97 


fl ft'*'? 


MCI 1 

NtU 


1 . 0'.' 


(1 


1 


13.32 


ft 0*5 A 


KIC( 1 

NtU 


1 .00 


0 


0 


12,11 


0.025 


MEU 


1 . i"iO 


^.1 


0 


10.90 


0.024 


MPU 


1.00 


0 


0 


9.69 


0.023 


NELl 


1.00 


(} 


0 


0.48 


0.022 


MHU 


1.00 


0 


0 


7.27 


0.021 


NEU 


i.OO 


0 


0 


6.116 


u . u20 


NEU 


1.00 


0 


0 



0 
0 
CI 
0 
0 
0 
CI 
0 
0 
0 

(1 

0 

0 
0 
CI 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Year lO 












Mile)! 


Mode 


Vogon 


168.41 


0.068 


NEU 


Sirius 


180.90 


0.075 


NEU 


Megratha 


144.50 


0.063 


NEU 


Arcturus 


132.52 


0.060 


NEU 


Dentra&G 


120.5: 


0.0S8 


NEU 


Viltvodl 


83.42 


0.028 


flEU 


Eadrax 


76.79 


0.026 


NEU 


Altair 


53. 38 


U.024 


NEU 


UM-BGta 


46.74 


0.022 


NEU 


Asgard 


24.04 


0.010 


MEU 


Alnol 


26*46 


0.009 


AUT 


Santragi 


19.61 


0.014 


NEU 


Pallia 


20. 45 


0.027 


NEU 


Jaqlan B 


16. 12 


0.'i26 


NKU 


Tiikrafpo 


14.66 


O.Oi:!";j 


Nr.u 


Traal 


i;.42 


0.1)24 


m\ 


D-jfnor|r an 


11.96 


0.02'J 


LIU 


M HI 


10.2/ 


0.022 


MIU 


Bf>t hc/il .1 


B.Ul 


0.021 


m 


ER.1C '-^^ 


0.(1 10 


mi 



1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
KOO 
1.00 
1.00 
1.00 
1 . (10 
0.98 

0. 93 
l.OCi 
1 . 0') 

1. CiO 
1.00 
1.00 
1.00 
1.00 



0 
0 
0 
0 
0 
0 
0 
0 

(I 

0 
CI 
0 
(} 
f) 
0 
0 
0 
0 



Year \t 

Name 

Vogon 

Sirius 

Megratha 

Arcturus 

Dentrass 

Viltvodl 

Eadra;! 

Altair 

UM-Beta 

Asgard 

Algol 

Santragi 

Pallia 

Jag Ian B 

f'cikrafoo 

Traal 

Damogran 

Sol III 

Bethsela 

Al Centu 



Year 20 

Name 

Vpgon 

Sirius 

Megratha 

Arcturus 

Dentrass 

Viltvodl 

Eadra>! 

Altair 

UM-Beta 

Asgard 

Algol 

Santragi 

Pallia 

Jaglan B 

Kakrafoo 

Tra.5l 

Damogran 

Sol HI 

Bethsola 

Al Centu 



GNP 


Milex 


Mods 


Per^ 


ttCol 


165.03 


0.063 


PAC 


0.95 


0 


194.32 


0.075 


NEU 


0.94 


2 


161.30 


0.063 


NEU 


1.00 


0 


148.19 


0.060 


LIB 


1,00 


0 


132.33 


0.05B 


NEU 


1.00 


0 


114,88 


O.OIB 


NEU 


1.00 


0 


107.18 


0.026 


NEU 


1 . 00 


0 


61.67 


0.024 


NEU 


1.00 


0 


54.01 


0.022 


NEU 


1.00 


0 


18.08 


0.010 


NEU 


1.00 


0 


32.14 


0.009 


NEU 


1.00 


(1 


15.74 


0.014 


NEU 


1,00 


0 


24.76 


0.027 


MEU 


1.00 


0 


19.52 


0.026 


NEU 


1.00 


0 


1 / . 75 


0.025 


NEU 


1 . 1)0 


Ci 


19.26 


0.024 


NEU 


1.00 


0 


17.49 


0.023 


NEU 


1,00 


0 


12.45 


0.022 


NEU 


1.00 


0 


10.68 


0.021 


NEU 


1.00 


0 


8.93 


0.010 


NEU 


1.00 


0 



GNP 


Mi 1 e)! 


Mode 


Perf 


ttCol 


181.18 


0.058 


NEU 


1.00 


(1 


228.72 


0.075 


NEU 


1.00 


2 


210.12 


0.063 


NEU 


1.00 


ii 


195.83 


0.050 


PAC 


1.00 


0 


145.28 


0.053 


NEU 


1.00 


0 


159.03 


0.018 


NEU 


1.00 


0 


162.89 


0.036 


NEU 


1.06 


2 


71.33 


0,014 


NEU 


1.00 


0 


62.41 


0,022 


NEU 


1.00 


0 


13.67 


0.010 


NEU 


1.00 


0 


38. 58 


0.009 


NEU 


0.99 


0 


12.64 


0.014 


NEU 


1.00 


0 


20. 7S 


0.013 


NEU 


0.77 


0 


23.62 


0.026 


NEU 


1.00 


0 


20.79 


0.025 


NEU 


0.97 


0 


21.61 


0.012 


NEli 


0.B6 


0 


25.50 


0.023 


NEU 


1.00 


0 


15.08 


0.022 


NEU 


1.00 


0 


12.94 


0.021 


NEU 


1.00 


0 


10.84 


0.010 


NEU 


1.00 


0 



0 
(1 

I 
1 

0 
2 
2 

0 
() 
1 

0 

I 

0 
0 
0 
2 

2 

0 
0 
0 



0 
0 
n 

2 
0 
•7 

2 

0 
0 

1 

0 

1 

0 
0 
0 
2 
2 
0 
(I 
0 



4 

0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 



2 
4 
0 
0 
0 
0 
2 
0 
0 
1 

1 
1 

0 

n 
1 

(I 

(I 
(1 

0 



Sirius 



Sirius 



Sirius 

Sirius 
E ad rax 



EadraK 



IITrade 


Wars 


Year 25 








0 


0 


Name 


GNP 


Milej; 


Node 


0 


2 


Vogon 


19a.'/,{ 


0.058 


NEU 


(I 


0 


Sirius 


262.99 


0.075 


NEU 


0 


0 


Megratha 


269.95 


0.063 


NEU 


0 


0 


Arcturus 


254.56 


0.050 


AUT 


♦J 


0 


Dentrass 


159.50 


O.058 


NEU 


2 


0 


Viltvodl 


222.55 


0.018 


NEU 


0 


0 


Eadrax 


248.67 


0.036 


NEU 


0 


0 


Altair 


82.53 


0.014 


NEU 


1 


1 Sirius 


UM-Beta 


72.12 


0.022 


NEU 


1 


0 


Astjard 


11.05 


0.010 


LIB 


2 


1 Sirius 


Algal 


46.45 


0.009 


PEL 


(;i 


0 


Santragi 


10.79 


0.014 


NEU 


Ci 


0 


Fallia 


14.95 


0.009 


NEU 


0 


0 


J^gUn B 


28.62 


0.016 


PAC 


1 


0 


Kakrafon 


25.18 


0,025 


NEU 


1 


0 


'fra.a 


19.25 


0.012 


NEU 


(1 


0 


Di)iiiogran 


35.29 


0.023 


NEU 


(1 


0 


Sol III 


17.56 


0.022 


PEL 


0 


0 


Bi;'lh';i?U 


15.40 


0.021 


NtiU 






Al iVfitii 


13.16 


O.dtii 


N!:ii 



Node Perl itCol ^ITrade Wars 



.0(1 
.00 
.00 
. 00 
.00 
.00 
.00 
. CIO 
.02 
1 00 
.02 
,00 
00 
i (lO 

00 

LiO 
00 
00 



0 
0 
0 
0 

ii, 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(I 



0 
0 

1 
1 

0 



4 

0 
0 
0 
0 
2 
0 
0 

1 Sirius 

1 Sirius 
1 Eadran 

0 

n 
4. 

1 EadraM 

0 



I. »" 



31 
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GNP 


MilE;: 


Made 


Pcrf 


rtCol 


tlTrade 


Wars 




Vogon 


riG.oB 


0.058 


m 


1,00 


0 


0 


2 




Sirius 


299.30 


0.075 


NEiJ 


1.00 


2 


0 






Megratha 


296.23 


O.063 


NEU 


KOO 


0 


0 


Ci 




flrcturuB 


279.68 


0.050 


NEU 


1.00 


0 


0 


0 






175.11 


0.058 


NEU 


1.00 


0 


(1 


0 




Viltvodl 


311.45 


O.OIB 


MEU 


1.00 


0 


2 


0 






370.91 


0.041 


IMP 


1.00 


3 


2 


4 




Altai r 


95. 4B 


0.014 


NEU 


1.00 


0 


0 


0 






71.13 


0.011 


NEU 


1.00 


0 


(1 


1 


Eadra)! 


Asgard 


11.03 


0.010 


NEU 


1.02 


0 


5 


1 


Si ri us 


Algol 


S5.95 


0.009 


NEU 


1.00 


0 


0 


4 




Bantragi 


11.29 


0.014 


LIB 


1.02 


CI 


5 


1 


Si ri us 


Fallia 


10.76 


0.004 




l.OO 


0 


0 




Eadraji 


Jaglan 6 


34.74 


0.006 


NEU 


1.00 


0 


0 


0 




Kakrafoo 


30. 4^? 


0.025 


NEU 


1 . 00 


0 


0 


2 




Traal 


17.49 


0.012 


LIB 


1.00 


0 


3 


1 


Eadrfl>: 


Damogran 


46.68 


0.023 


NEU 


1.00 


0 


2 


0 




Sol III 


20.45 


0.022 


MEU 


1.00 


0 


0 


4 




Bethsela 


18.71 


0.006 


PAC 


1.00 


0 


1 


2 




Al Centu 


15*98 


0.010 


NEU 


1.00 


0 


0 


0 





Year 35 


















Name 


GNP 




Mnde 


Perf 


tICol 


ItTrade 


Wars 




\/ogon 


239.75 


0.058 


NEU 


1.00 


0 


0 


2 




Sirius 


329.52 


0.065 


NEU 


1.00 


0 


0 


4 




rtegratha 


325.22 


0.053 


NEU 


1.00 


0 


Ci 


0 




Arc turns 


339.97 


0.060 


NEU 


1.07 


2 


0 


2 




Dentrass 


192.25 


0.0^'B 


NEU 


1.00 


0 


0 


0 




Viltvodl 


435.66 


o.oia 


NEU 


1.00 


0 


2 


0 




Eadra>: 


555.30 


0.0^1 


NEU 


1.00 




2 


5 




flltair 


110.46 


0.014 


NEU 


1.00 


0 


0 


0 ■ 




UM-Beta 


52.02 


0.011 


NEU 


1.00 


0 


0 


1 


Eadrax 


Asgard 


20.75 


0.010 


AUT 


1.03 


0 


5 


1 




Algnl 


52.63 


0.005 


NEU 


0.76 


I'l 


CI 


6 


Arcturus 


Bantragi 


20.50 


0.014 


NEU 


1.04 


0 


5 


1 




Pallia 


7.74 


0.004 


NEU 


1.00 


0 


0 


2 


Eadra>; 


Jaglan B 


42.22 


0.006 


NEU 


1.00 


0 


0 


0 




Kakra-foD 


36.91 


0.025 


NEU 


1.00 


0 


0 


2 




Traal 


19.02 


0.012 


NEU 


1.00 


0 


4 


1 


Eadra>i 


Damogran 


49.53 


0.011 


NEU 


0.84 


0 


2 


1 


Arcturus 


Sol III 


24.77 


0.022 


NEU 


1.00 


0 


0 


4 




Bethsela 


24.74 


(1, 006 


NEU 


1.00 


0 


1 


2 




Al Centu 


21.34 


0.010 


NEU 


1.00 


0 


1 


0 





Year 40 



Narne 


GNP 


MilB); 


Mode 


Perf 


.«Col 


#Trade . 


Wars 




Vogon 


263.22 


0.058 


NEU 


1.00 


0 


0 


2 " 




Sirius 


361.50 


0.065 


NEU 


1.00 


0 


0 


4 




Megratha 


357.22 


0.053 


NEU 


1.00 


0 


(1 


0 




Arcturus 


420.01 


0.060 


NEU 


1.00 


2 


0 


2 




Dentrass 


240.31 


0.068 


NEU 


1.04 


2 


0 


2 




Viltvodl 


609.96 


O.OIB 


NEU 


1.00 


0 


n 
J. 


0 




Eadran 


790.37 


0.041 


NEU 


1.00 


1.* 


2 


5 




Altair 


129.88 


0.014 


NEU 


1.00 


0 


0 


2 




UH-Beta 


35.76 


0.011 


NEU 


1.00 


0 


0 


1 


Eadra); 


Asgard 


37.73 


0.002 


NEU 


1.05 


0 


7 


3 




Algol 


37. B7 


0.005 


NEU 


1.00 


0 


0 


6 


ArcturuB 


Santragi 


41.96 


0.014 


NEU 


1.02 


0 


6 


1 




Fallia 


5.57 


0.004 


NEU 


1.00 


0 


0 ' 


n 

A. 


Eactra>: 


Jaglan B 


32.03 


0.003 


PAC 


l.yO 


0 


0 


1 


Dentrass 


Kakrafoo 


31.06 


0.012 


NEU 


0.77 


(1 


0 




Dentrass 


Traal 


18.00 


0.012 


NEU 


0.96 


0 


2 


1 


Eadraii 


Damogran 


36. 65 


O.Oll 


NEU 


0.98 


0 


0 


1 


ArcturUB 




31.18 


0.022 


NEU 


1.02 


0 


1 


4 




lERlC 


32.12 

:i.n: 


0.006 

0.010 


PAC 

rcu 


1.00 

1.04 


0 
0 


1 

7 


0 

0 





Yfcar 45 



NaniG 


GNP 


Mile« 




Per^ 


ftCol 


tiTrade 


Wars 




'Jnnnn 


2S8.9B 


0,058 


NEU 


KOO 


0 


0 


2 




Pi r 1 > 1*: 


396,59 


0,065 


NEU 


1,00 


0 


0 


4 




MnPir* J A 


392,38 


O.053 


NEU 


1 . 00 


Ci 


0 


0 




Ml U LLu Ua 


495.03 


0,050 


PAC 


1,00 


2 


0 


2 






292.26 


0.068 


NEU 


1 . CiO 


2 


0 


n 






□J J. Ol 


O.OIB 


MEU 


1 . 00 


0 


2 


0 




Eadra'/! 


1097.20 


0,041 


NEU 


1 , 00 


3 




5 




HI t ^ 1 r 






NEU 


1.00 


(1 


(1 


2 






24.55 


0.006 


NEU 


1 , 00 


0 


(1 




EadraK 


naij pr u 


73.99 


' 0.002 


NEU 


1 . 00 


0 


^ 


3 




Ml ^Ul 


77 75 


0.005 


NEU 


1 . "!iO 


(1 






Arcturui 


□ LI 1 1 b 1 11 >J i 


75.32 


0.009 


PAC 


l.Ol 


0 


{\ 


1 




1 Hi I J C 


4 I'll 


Ci . 004 


NEU 


1 . 00 


(1 


Q 


2 


EadraK 


U CiUJ > C< 1 1 P 


23.04 


0.003 


NEU 


1 . C'O 


0 


(l 


1 


Dentrass 


Kakrafoo 


22,41 


0.012 


NEU 


1,00 


0 


0 




Dentrass 


Traal 


16.03 


0.012 


NEU 


1 . (10 


0 


2 


1 


Eadra>[ 


Damogran 


26.43 


0,011 


NEU 


1.00 


0 


0 


1 


Arcturus 


Pni in 

D\Jk III 


41 .54 


0.022 


NEU 


1 . 00 


0 


1 


4 




Flof hcnl a 


40, B7 


0.006 


NEU 


1 . (lO 


() 


[ 


2 




ftl Parkfu 

ni L<c>IUU 


44,47 


0.010 


NEU 


1.00 


0 


2 


0 




Ypsr so 


















Nt\fT)e 


GNP 


Mile)! 


Mode 


Perf 


tiCal 


itTrade 


Wars 




Vogon 


317,26 


0,058 


NEU 


1 , (10 


(i 


0 


2 






435.08 


0.065 


NEU 


1 . 00 


0 


0 


4 




Mpnr.'^i'hA 

1 icru[ n 1 o 


430.99 


0.053 


NEU 


1 , 00 


0 


0 


0 




Arcturus 

ni U LUI LI 3 


535.65 


0.055 


IMP 


1 , 00 




0 






Uimi 1 LI U33 


34 1 . 32 


0.069 


NEU 


1 . 00 


2 


<!■ 


2 




Viltvodl 


1409.81 


0.019 


NEU 


1 , 00 


0 


4 


0 




Eadrs)! 


1752.69 


0.041 


NEU 


1.01 


3 


4 


5 




Altair 


173.86 


0.009 


PAC 


1 , 00 


Q 


(, 


2 






16.84 


0.006 


NEU 


1 , CiO 


0 


0 


1 


Ec\drax 




118.53 


0.001 


NEU 


1.00 


0 




4 


ftrcturuii 


Algol 


19.61 


0. 005 


NEU 


1 . 00 


0 


0 


6 


Arcturus 


Santragi 


133,04 


0.009 


NEU 


1.00 


0 


4 


1 




Fall ia 


2.88 


0.004 


NEU 


1.00 


Ci 


0 


T 


E ad ra>! 


111 an! an R 


18.36 


0.003 


NEU 


1.06 


0 


2 


1 


Dentrass 




17.96 


0.012 


NEU 


1.07 


CI 






Dentrass 


Traal 


12,32 


0.012 


NEU 


0.96 


0 


0 


1 


Eadra)! 


Dainogran 


19.06 


o.on 


NEU 


1.00 


0 


0 


1 


Arcturus 


Sol III 


55.34 


0,022 


MEU 


1.00 


0 


1 


4 




BethSDla 


50.04 


0.006 


NEU 


1.00 


0 


0 


2 




Al CentLi 


60.21 


0,010 


NEU 


0,99 


0 


1 


0 
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Year 1 

flrctiiruB experiment? with DEC 
F^Uia eijpcriments with LIP 
Lib^Mode Fallifl 

Trade 11 nl: to Sanlragi 
Algol cjjperimentB with PAC 
Pacil^Mode Algol 
Pamogran ouperimentB with 
Ginus D>:pcrifflpnts with DtC 

Year 2 

liakratoo eMperiments with DEC 

Paci^^Mode Algol 

Jaglan B ejiperimentE with IMP 

Imperjbde Jaglan B 

Traal experiments with DEC 

Year 3 

Santragi experiments with LIB 
Lib^Mode Santragi 

Trade link to Algol 
Jaglan B ej:periirents with DEC 
tiegratha e>;peri(nBntE with AUT 

Year 4 

Eadrax e>;periments with LIB 
Libjlode Eadra>: 

Trade linl: to ViUvodl 
Sol ni ei:pt?ri(nenti: with AUT 
Lib_^MDde S.intragi 

Trade link to Algol 

Year 5 
Lib^^Mode Eadra>: 

"Trade lini; to Viltvodl 
Paci^Jlode Algol 

Year 6 
Pacjf^Mode Algol 
Sirius etipenmentB with IMP 
IitiperJIode Sirius 
War SiriuB Asgard 
Victory 

Year 7 

Asgard adapts E.^dfc^x policy LIB 
Lib^Mode Asgard 

Trade linI: to Barttragj 
Imperjlode Sirius 
War Sirius BriRtraqi 
Victory 

Year B 

A'iqard adopts Sinus policy N£U 
Santragi adopts yirius policy NE.U 
Al CentLi esiperiPients with PAC 
Pacil Mode Al Centu 
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Year 9 

Santri^gi adopts ftsgard policy NEU 
P.^rif ^Mode Al Centu 
ArctLirus eiiperiments with AUT 
Santragi e;;p{:-*riments with IMP 
Pallia e)iperifnent5 with AUT 
Autc^rk^tlDde Pallia 
Delink' Santragi 

Year 10 

Traal e^iperinientB with IMP 
Iinper^Node Traal 
Algol eiiperidients with AUT 
Autark^Mpde Algol 

Delink Santragi 
Damogran eiiperiments with LIB 
Lib_,Node Damogran 

Trade link to Traal 

Year 11 

Aatark.Made Algol 

Delink Santragi 
LibJIode Damogran 

Trade link to Traal 

Year 12 

Santragi e^iperiments with DEC 
Sirius ejiperiments with BEL 
Bell^Mode Sirius 
War Sirius Vogon 

Year 13 

BGlI_t1ode Sirius 

War Sirius Vogon 
VUtvodl experiments with PAC 
Pacif_Node Viltvodl 

Year 14 

Vogon adopts Viltvodl policy m 
Sirius adopts Viltvodl policy NEU 
Pacifjlade Viltvodl 

Year 15 

Al Centu experiments with IMP 
Impcr^Mode Al Centu 
Arcturufi eiiperiments with LIB 
Li Mode Arcturus 

Trade link to Megratha 
Vogon experiments with PAC 
Pacif^Mode Vogon 
Megratha experiments with DEC 

Year 16 

Altair e^iperiments with PAC 
Pacif Jode Altair 
Paci^^Mode Vogon 
Libjlcide Arcturus 

Trade link to Megratha 

Year 17 

Pacil Mode Altair 



Year llil 

Kakrafoo enperiments with BEL 
BelLMode Kakrafoc 

War Kakrafoo Algol 
Sol III experiments with DEC 
Eadra« experiments with W 
Imper^Modc Eadrax 

Uar''Eadrax Pallia 
Victory 

Year 19 

Fallia adopts Eadr ax policy NEU 
Arcturus experiments with PAC 
Paci^Jlode Arcturus 
Bell_Mode Kakrafoo 

H^r KakrafOD Algol 
Imper^Mode Eadrax 

War^Eadrax Traal 
Victory 

Year 20 

Fallia adopts Eadrax policy NEU 
Traal adopts Eadrax policy NEU 
PacilJ]ode Arcturus 

Year 21 

Traal adopts Eadrax policy IMP 
Sol 111 experiments with AUT 
Al Centu experiments with DEC 

Year 22 

Fallia experiments with PAC 
Paci^Made Fallia 

Year 23 

Traal ejiperiments with DEC 
Pacif..Mode Pallia 

Year 24 

Sol III experiments with AUT 
Asgard experiments with LIB 
Lib_Mode Asgard 

'Trade link to Santragi 
Altair experiments with DEC 
Jaglan B experiments with PAC 
Paci^^Mode Jaglan B 

Year 25 

Paci^ Jlode Jaglan" B 
UM-Beta experiments with DEC 
Algol experiments with BEL 
Di3ll_Mode Algol 

War Algol Sol 111 
Libjlode Asgard 

"Trade link to Santragi 
Sol III experiments with BEL 
Bell Mode Sol III 

War Sol III BethSBla 
ArctLirus eiiperiments with AUT 
Autark_ModG Arcturus 
Delink Megratha 



Year 26 

Fallia experiments with BEL 
Bell. Mode Fallia 

K-evDlt Fallia 

War Eadraii Fallia 
Victory 
Dell^Mode Algol 

War Algol Sd III 
Bell Mode Sol III 

War Sol III Bethsela 
Voqon experiments with AUT 
Bethsela eiiperiments with PAC 
Pacif,ModB Bethsela 
Autark^Node Arcturus 
Delink Megratha 

Year 27 

PacHJode Bethsela 
Year 28 

Jaglan B experiments with PAC 
Pacil^Mode Jaglan B 
Santragi experiirents with IMP 
Arcturus experiments with AUT 

Year 29 

Pacifjlode Jaglan B 
Santragi e^iperifnents with LIB 
Lib^Mode Santragi 

^Trade link to Asgard 

Year 30 

Eadrax experirients with IMP 
Imper^Mode Ead: >• 
War 'Eadrax UM-Beta 
Victory 
Lib^Mode Santragi 

Trade link to Asgard 
Traal experiments with LIB 
Lib^Mode Traal 

"Trade link to BethseU 
Bethsela ex peri (rents with PAC 
Pacifjlode Bethsela 
Fallia e^iporlitients with PAC 
Paciljlode Fallia 

Year 31 

UM-Beta adopts Santragi policy 
Sirius e^iperiiTients with DEC 
DeCoLMode Sinus 
Delink AsgArd 
Lib ModL' Tradl 

'Trade lini to Al Centu 
Al Centu e;;pnri(rients with DEL 
Paci^Jlode Bethc^ela 
Vogon e'iperiments with AUT 
Imper.MDde EaUr.^x 

War' Eadrax Algol 
Algol exporiments with LIB 
LibJIodB Algol 

'Tradi* link to Damogmn 

3d 
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Year 3? 

UM"&ets adopts Atsgard policy NED 
DeCol^Mode Sirius 

DelinJ; Bantragi 
Lib^Mode Algal 

"iradB link to UM-Bt?ta 

Year 33 

Arcturus experiments with IMP 
Imper^Mode Arcttirus 
War ArcturuB Algol 
Victory 

Mogratha e>!poriniDntr3 with F'AC 
Pacif^Mode MegriStha 
Lib^Mode Santragi 

Trade link to A-sgard 

Year 34 

Paci-f^Mode Megratha 
Imper^Mode Arcturus 
War Arcturus Damogran 
Victory 
Autark^MocJe Algol 
Delinlc Damogran 

Ye.^r 35 

Damogran adopts Arcturus policy NEU 
Asgard eKperiments with AUT 
Autarl:_Mode As gar d 

Delink Santragi 
Autark_Mode Algol 

Delink UM-Peta 

Year 36 

Damogran adopts Arcturus policy IMP 
Autark^Mode Asg ard 
Delink Santragi 
Altair experiments with BEL 
Bell_Mode Altair 

War AltAir Asgard 
Victory 

Santragi ejjperiments with LIB 
Lib^Mode Santragi 

Trade link to A-ngard 

Year 37 

Asgard adopts Altair policy NEU 
Lib^Mode Santragi 

Trade link to Al Centu 
Damogran e>:pf:'r Lmi^riis with ALIT 
Autark^Mode Damogran 

Delink Traal 
BellJIode Altair 

War Altair Argarcl 
Victory 

DentrasB e>:perimentB with IMP 
Imper^Mode Dentrass 
War Dentrass Jaglan B 
Victory 
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Year 3E] 

Jaglan B adopts Dentrass policy NEU 
Pallia experiments with DEC 
Imper_Mc3de Dentrass 
War Dtsntrass Kakrafoo 
Victory 
Lib^Made Asgard 

Tradi? link to Al Centu 
Algol e)!periments with DEC 
Autark^Mode Damogran 

Delink Traal 

Year 39 

Jaglan B adopts Dentrass policy NEU 
Kakrafoo adopts Dentras? policy NEU 
Jaglan B experiments with PAC 
Pacif_Mode Jaglan B 
KakrafoQ experiments with IMP 
Lib^Mode Asgard 

"Trade link to Sol III 

Year 40 

Kakra-foo adopts Asgard policy NEU 
Pacif_Mode Jaglan B 
Viltvodl experiments with DEC 
Bethsela experiments with PAC 
Pari-f^Mode &Bth5t?la 

Year 4l 

Santragi experiments with AUT 
Autark^Mode Santragi 
Delink Al Centu 
Paci^.Mode Bethsela 

Year 42 

Pallia experiments with PAC 
Pacif^Mode Pallia 
UM-'Beta experiments with PAC 
Pacif^Mode UM-Beta 
Autark_Mode Santragi 
Delink Asgard 

Year 43 

Asgard e;: peri men ts with PAC 
Paci'f_Mode Asgard 
Pacif^Mode UM-Beta 
Paci^'Mode Pallia 
Altair experiments with ?EC 

Year 44 

Arctarus experiments with PAC 
Pacif^Mode Arcturus 
Pacif^Mode Asgard 

Year 45 

Pacif^Mode Arcturus 
Santragi experiments with PAC 
Pacif.Mode Santragi 

Year 46 

Eadrax experiments with LIB 
Lib^Mode Eadrax 

Trade link to Viltvodl 
Pacif_ MDde San tragi 
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AppendU: 
Key Elements of PWorld Program 

This appendix gives wndensed code for the simulalion. I have left out an 
assortment of minor variable declarations, input/oulpui, initializations and error 
traps but have left in niosl of the actual formulas, Angle brackets ■■ «..» - 
denote the location of uninteresting large blocks of code which do standard 
actions (e.g. modify lists), 

The complete code is available in either Apple II or Macintosh format from 
the author. The Pascal dialed is Apple II UCSD and should convert with little 
difficul^to Turbo Pascal, Program runs on a iil Apple II with about 28K free 
with a system of 20 nations, so the system could obviously be expanded in size 
considerably. 

Constants 

yatlon=20i Number of nations In system 

MaLColonylO; Max colonies nation can hold 

MaUrade • 10; hax trading chunks nation can have 

Mar --50; Length of simulation run ' 

Horizon -2; Time horizon for projections 

TradeJIult » 1,02; (x Comparative advantage gain of trade *1 
Trade.Chunk=0.02, Prop of GDP in a trade chunk**) 

Wariost =1.00; Use to calculate cost of war*) 

WarJpolls -0.05; (**^GNP transferee from loser to winner*) 

Defeatililex'0.50; ('•lliiex reduction of loser*) 

OJIIlex ' 00050; Incremental change In Milex In 6ellJode,PacJode 

tlinJIilex '0.01; Minimum size for hilex 

Colony_Slze « 025, (* Max size of colony as % of colonizer m *) 
Colony-Cost • O0050; (* Colony cost as Increment to MIlex *) 
TrIDute Jrop' 0. 1 0; (* Prop of GDP extracted by imperial power *) ' 

BalPolicy • 092; Trigger level for reversing policy 
OK-Pollcy ' 1,05; Trigger level for switching to Neutral policy 
Experirob ■ 015; Probability of experimenting with policy 
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Type Modelype ■ (Neut,Bell,Paclf,Llb,Aut,lmper,Oecol); 



MaUi nvlUI u 




Name' 


Slrinfll81' 


GNP 




Milex 


ffiNP whirh are milttarv (^ynenditur^R 


UUUr ^ 


iCdl ly Kldiiuc III Wv 


Perform: 


Real; 


Mode: 


ModeType; 


Owner, 


Colonial owner; 0 If none. 


lColofiy,N.Trade: 


Integer; 


Colony: 


Array|l„MaLColony| of integer; 


Trade; 


ArraylLMaLTrade] of Integer; 


Oar: 


records number of wars experienced 



end; 

Var 

Nation: ArrayIt.,fiaxJJatlon| ofNatn; 

(Lforecast: ArrayIO.,Horizon,t.,MaxJation| of real; 

HForecast: Arr3yl0„Horizon,l.,MaxJationl of Modelype; 

Procedure PrlnLStats; 

(* Prints current statistics for nations") 

(******AIIRIBUTE FUNCTIONS ******) 

Function URanreal; 

(* Uniform [0,1] random numbers*) 

Function OppJ1ode(M:ModeIype):ModeType; 
(* Returns the opposite mode*) 

Function GDP(na:''nteger):real; 

i* Computes the non-mllitai] part of GNP*) 

Function QJill(NA:lnteger):real; 

(* Computes quantity of military for NA*) 

Function (LTra(Ie(na,nb;lnteger):real; 

(* Computes thr :|yantlty of trade between na and nti *) 
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Pup.cllonNewJIP(na.lnleger).re3li 
CCompytesthenew GNP value ^1 

wItliNatlonMdoliegiD compute base GDP •*) 

GD:'GDP(na)i 

MHHIIeiCGDl/d.O-Mllex); (^hllltarycomponent*) 
If OwfieroO to GD,'( 1,0- Tribute Jrop)*GOi 
GO:'OGDPHO»H; ("Intrinsic growth**) 

(** adjustments for colonies, trade*) 

lfHColo(iy)Otta 

forka."! toUColonydoGOi-GD* TributeiropWIColonylkal); 
IfOradeJOthen 

for ka;-l to Urade do GO:- GD ♦ Tradeilult^QJradedradelkalna); 

NewiNPi'GD; 
endi(*wltl)*) 
end,(t*iiewiNP*) 

Procedure Forecast; 
Npdatellw Forecast arrays*') 

Procedure NewierforiHi 
Compote tlie performance measure*) 

Function Experi1ode.ModeIypei 
("♦Randomly picks a new policy mode*) 

i**"""* WAR PROCEDURES f) 

Procedure War(n3,nMnteger); 

C War between NA and NS, Procedure assumes NA )■ NB 

Ttie Wariosl adjustment is algebraically equivalent to 
6NP:«GNP-QJ1ll'»(HIIB/HilA)<War_Cflst 

Ttiis procedure is mi in both BellJiode and ImperJIode *) 
begin 

HIIA'OJIiKtIA); 
HIIBi'OJiKNB); 

("Subtract costs of war*) 
Nation|NAl6NP:'H3tlonlfJA],GNP-HilB*Wariosli 
NalionlNBlGNP ;• NallonlNBlCNP - (Sqr(l1ilB)/f1il A) * Wariosl; 
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Natlon[NAlOJar;'N3tlon(flAl,OJarH, 
Matlon[NB|,OJar:'Matlon[flOl,O.WarH; 

lfURan<(HilA-f1lie)/(hllA«hllB) ("prob of victory for fJA«) 
then begin 

with f^ationlf^B] do begin 
fllleXi'DefeaUillex^flllexi 
flode I'Heut; 

if OwneroNA tlien (* transfer spoils unless revolt *) 
begin 

Natlon[NAlGNP:"Hatlon[flA|GNP»(GWP*WarJpoll5), 
GflP;-GP(l,0-War,Spoll5)i 
end; 

«Tranirerto!oiiieifroinNDtoND» 

« Colonize NB If NDIifniinperifllitl mode » 

end;(*ifURan*) 
end; (* War*) 

Procedure Bellilode(fJAinteger); 
(*Belliclst mode activity for fJA*) 
begin 

« if CDlDOlzed, sttBcIt colonizer, tlien enil procedure » 

(* loolf for someone to attack based on; 
I Cannot be colony 
ZHust be weaker 

3. Haxlmize ratio of colonies to OJil *) 
Loc;"0; 

HyJIIi.-QJIIKNA); 
forka:'ltoyatlondo 
If (kaoNA) 

anddJationlkalOwner-Ol 

and((Lflll(ka)<nyJ1il) 

and (((NationlkallColony/QiliKka)) > (LTarget) or (LocO)) 
then begin 

(lIarget;«Natlon(k3llColony/Qi1il(ka); 

Loci'ka; 
end; 
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(* if target available, attack; else Incremefitfiilex*) 
lfLoc>OthenWar(NA,L{)C) 

eisewiNalionlNdolllleic'Milex^DJlex; 
eo(l;(»BelliWeN 

Procedure PacifjiodelNAInteger); 
(» Implement Pacif mode activities*) 
liegin 

with NationW do if riilex > HliLMileK then fiilex :■ Milex - DJIIlex; 
end; 

C "•"""liraiAllSfl PROCEDURES 

Procedure imperJIodetNA integer), 

Implement Imper mode activities*") 
begin 

(••W for someone to colonize tiased on: 

I , Cannot be colony 

2, Must be substantially smaller 

I Pick on wealthiest target 
BesLIargeli'O; 
hyiNP:'Natlon|MAl6I^P; 
forka-ltoyatlondo 

If (kaoNA) 

aniKNatloftlkalOwner'O) 

andttNallonlkalGHP/HyitlP) ColonyJIze) 

and ((Nat lonlka] W ) OJarget) or (BesLTarget-O)) 
then begin 

OJarget;' NationlkalGMP; 
De5LTarget"l;3i 
end; 

(* if target available, attack; else hode-Neut'') 
ifBesUar9et>0lhenV/ar(NA,Besl_Target) 
cl'ieNation|fjA|f1ode:'fJeut, 
end,^ lmperJ1ode»l 

Procedure OecoiJiode(NA integer); 

{* Implefnenl Detol activity; drop poorest colony *) 
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(****»* TRADE PROCEDURES »*«*^M 
Procedure LibJ1ode(NA:lnteger); 

(* Implement Liberal activity; look for trading partner Note that one can have 

multiple trade agreements with the same partner 

begin 

« If Oflde-HaLTrede, chsoge mode lo Neutral, eHit procedure)) 

(* Trade Is estabi Ished with the partner closest in wealth *] 
with NationlNAl do begin 
NyiDP;"6DP(NA). 
Loc:-0; 

forka:"ltoNJatlondo 
If (kaoNA) 

and((Nation[kal.No(le"Llb)or(NationIkalnode'Neut)) 
and(Nation[k3|lTrade<f1aLTrade) 
and((Abs(f1yiDP-GOP(ka))<Be5t)or(Loc'0)) 
then begin 

Best:'Abs(f1yJDP-G0P(ka)); 
Loc;"ka, 
end; 

end; (<♦ with NationlNAl") 

if LooO then « M lo trading list of bolli nBlloni )) 

end;(Hiberali1ode») 

Procedure AutarkJ1ode(NA;integer), 
Implement Autark activity; drop poorest trading partner in trading list; 
also delete oneself from that partners trading list *) 

Procedure PlcLPolicy(NA:integer); 

C Main policy decision loop, ttf orecast|0,NAl is the policy that was being used 
at l-Horizon, i.e, at the lime the current performance projection was made *) 
begin 

with NatlonlNAl do begin 
if Perform < Bad-Policy then 
begin 

Node;'OppJ1ode(tiforecastlO,NAl); 

If flode'Neul then begin ("Find best precedent*) 

L0C;'NA; 

Best'Perform; 
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forka:'! toOationdo (*^**'[1AlfJ PROGRAM****) 

lfNation[k3],Perform>Best beglo 

then begin IniLVar; 

Be5t;'Nalion|b],Perfcriiii for year:- 1 to flaxyear do begin 

Loci'ka; NewJerform; 

enH; forka-ItoOationdoPlcLPollcyto); 

l1ode:'llforecastIO,Loc]i Oo-Pollcy; 

«n<l; (* then *) fcr ka;- 1 to O allon do NationlkalCNP ;• NewiNPlka); 

end!* then ») Forecast; 

else if (Perform <OLPollcy) PrlnLStats; 

and(KJorecast|l,NA]oNeut) end; 

llienMflde;'Neuti end, 



if PerforiiDOOolicy then Mode:'Kiorecast[0,NA]; 

end;(»wltti») 

endi(»PicLPolicy«) 

Procedure Ooiolicy; 

(* Execute policies in random order") 

begin 

forka-ltoyatlondoOonelkaHalse; 
forkai'ltoNiationdobegln 

kbi'ftandommodNJationi 

Repeat 

kb-kbM; 

ifkb)yationltienkb:«l; 
Until not Dofielkbli 
DonelkbHruej 
lfNatlon|kbl,liode=Neulthen 

If Uran < Exper_Prob then Natlonlkblflodei-ExperJIode; 
CaseNalion[kb|.Modeof 

Bell;BellJlode(kb)i 

Pacif:Pacl(J1ode(kb)i 

Imper: Imperjiodelkb); 

OeCol:DeColJ1ode(kb)i 

Lib:Llbi1ode(kb)i 

Aut ;AularkJ1ode(kb); 
end; (* case*) 
end,(«for«) 
endil^Doiflilcy") 
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